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INTRODUCTION 
Folacin was recognized as a distinct vitamin approximately a quarter 
of a century ago. From that time, it has received considerable attention 
in animal nutrition as well as in human nutrition and therapeutic applica­
tion. 
Until the beginning of this decade, it was believed that folacin would 
rarely be deficient in a practical animal diet since the requirements for 
most species are quite low and, generally speaking, the plant kingdom is 
a rich source of folacin. However, Dr. C. D. Lee, Iowa State University 
poultry pathologist, diagnosed and confirmed a folacin deficiency in young 
turkey poults in 1961. 
These poults were hatched from eggs produced on the West Coast and 
incubated in Iowa. About the fifth day after hatching, these poults be­
came nervous and cannibalistic, billed feed from the feeders, and many 
exhibited a stiff and extended neck which is characteristic in folacin-
deficient poults. Poult mortality was as high as 75 percent in the first 
14 days after hatching. Poults produced in Iowa, reared under the same 
management conditions and fed the same commercial feed did not exhibit a 
folacin deficiency. After a series of trials over a two-year period, it 
was concluded that the breeder hen diet on the West Coast was deficient 
or marginal in folacin. 
The objectives of this investigation were: 1) to study the effects 
of dietary folacin in the presence or absence of added choline or soybean 
oil in turkey breeder hen diets on egg production, fertility and hatcha-
bility and progeny viability; 2) to determine the effects of dietary soy­
2 
bean oil and folacin in turkey breeder hen diets on folacin content of 
livers; 3) to study effects of maternal dietary folacin and poult dietary 
folacin and soybean oil, using poult growth, mortality, hematocrit and 
hemoglobin values as criteria; 4) to determine the effects of dietary 
folacin and glycine on poult growth, mortality, hemoglobin, hematocrit 
and red blood cell counts. 
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REVIEW OF LITERATURE 
Nutritional and Physiological Requirements of Folacin 
Considerable data are available for ascertaining the effects of dietary 
folacin in chick or poult diets, but very little evidence can be found re­
garding its effects on turkey breeder hens or chicken laying and breeder 
hens. The National Research Council (1960) gives the folacin requirements 
as follows: 0.35 mg/lb for turkey breeder hens, 0.40 mg/lb for young tur­
key poults, 0.16 mg/lb for chicken breeder hens, 0.11 mg/lb for chicken 
laying hens and 0.25 mg/lb for young chickens. 
Reproductive requirements for folacin 
Schweigert ^  (1948) fed a semi-purified diet containing 0.42 mg 
of folacin per kg of diet to adult turkeys without detrimental effects on 
egg production, hatchability or general appearance of hens when compared 
with a diet containing 2 mg of folacin per kg. When a purified diet con­
taining no added folacin was fed to mature turkey hens hatchability was 
not reduced when compared with a purified diet containing 4 mg/kg of fola­
cin, but was considerably less than hatchability obtained with a practical 
diet (Ferguson £t ^ ., 1961). 
When Kratzer ^  _al. (1956) fed turkey breeder hens a practical-type 
diet containing varying levels of folacin, hatchability was significantly 
reduced when the diet contained 0.32 mg of folacin per kg. Egg produc­
tion and fertility of eggs were not affected by dietary folacin and no 
gross abnormalities were observed in the breeder hens. Approximately 0.7 
mg of folacin per kg of diet was required to produce optimum hatchability. 
4 
Embryonic mortality from hens fed the low-folacin diet was greatly in­
creased. The largest proportion of these embryos died a few days prior 
to normal hatching time (26-28 days). An increased incidence of abnormali­
ties of the extremities and circulatory system was observed. Lee £t al. 
(ca. 1965) also observed a high percentage of abnormalities in unhatched 
turkey embryos when the breeder hens were fed a diet which was determined 
to be deficient or marginal in folacin. 
More data are available for evaluating the folacin reproductive re­
quirements of chickens than for turkeys. Cravens £t ^ 1. (1942) presented 
evidence that a factor(s) in solubilized liver extract or the Norite eluate 
fraction of solubilized liver extract improved hatchability of chicken eggs 
when added to a purified breeder diet. 
Sunde ^  (1950b) observed that a low level of egg production was 
possible with a folacin content as low as 0.008 mg/kg of diet. However, 
a high incidence of embryonic mortality resulted on about the twentieth day 
of incubation, and numerous chick embryos exhibited a marked bending of 
the tibiotarsus. 
Couch and German (1950) reported that chicken egg production was not 
affected by a diet containing 0.02 mg of folacin per kg, but hatchability 
decreased, to zero at the end of six weeks. Satisfactory hatchability was 
obtained when hens were fed 0.22 to 0.42 mg of folacin per kg of diet. 
Taylor (1947) reported that a purified diet containing 0.12 mg of 
dietary folacin per kg was adequate to sustain normal egg production of 
yearling hens, but gave poorer hatchability than the diet supplemented with 
1 mg of folacin per kg. 
With a purified diet in which sucrose was the source of carbohydrate, 
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Sunde ejt (1950a) estimated the chicken hen's folacin requirement for 
egg production as slightly more than 0.25 mg per kg of diet. About 0.5 mg 
of folacin per kg of diet was essential for satisfactory hatchability. 
Cravens and Halpin (1949) indicated that slightly less than 0.25 mg of 
folacin per kg was necessary for egg production, and between 0.5 and 1.0 mg 
is essential for optimum hatchability. Dextrin as the source of carbohy­
drate supported slightly higher hatchability which might indicate that 
folacin is synthesized to some extent in the intestinal tract of the hen. 
Schweigert £t al. (1948) demonstrated that 0.42 mg of dietary folacin 
per kg was adequate for chicken egg production and hatchability. The 
"apparent" free folacin in the blood of chickens was relatively insensitive 
to differences in dietary folacin. 
Lillie £t _al. (1950a) fed groups of chicken laying hens practical-
type diets containing varying levels of folacin. There were no differences 
in egg production, fertility or hatchability among the groups fed a basal 
diet containing 0.34 mg/kg of folacin, the basal supplemented with 2 and 4 
mg/kg of folacin or a breeder diet calculated to contain 1.64 mg/kg of 
folacin. In a subsequent experiment, a basal diet containing 0.26 mg of 
folacin was compared with one supplemented with 2 mg of folacin per kg. 
Egg production and fertility of eggs were not affected by dietary treatment, 
but hatchability was considerably less for the basal diet. Under the con­
ditions of these experiments, the folacin requirements for egg production 
and fertility of eggs were no greater than 0.26 mg/kg, although the re­
quirement for hatchability of fertile eggs was between 0.26 and 0.34 mg/kg 
of diet. 
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Folacin content of eggs 
Evans e_t (1953) studied the effects of storage time on the fola­
cin content of chicken eggs. Most of the folacin in fresh eggs was in 
the yolk with only a very small amount in the white. During 12 months of 
storage, there was a transfer of folacin from the yolk to the white. 
Eggs lost 16% of their folacin during 6 months of storage and 27% during 
12 months of cold storage. Charkey £t al. (1947) observed that chicken 
egg quality is not related to the content of folacin, vitamin A, carotene, 
nicotinic acid or "apparent" pyridoxine. The folacin content of fluid 
albumen is equal to that in the firm albumen. Hayes and Luckey (1957) 
observed no change in the concentration of folacin in eggs during 3 weeks 
of incubation. 
Welch jet al. (1954) reported that the addition of vitamin B]^2 & 
synthetic diet increased the deposition of folacin and citrovorum factor 
in chicken egg yolk. The increase in folacin content of the yolk due to 
vitamin B]^2 more apparent when low levels of folacin were fed. 
Couch and German (1950) reported that 0.82 mg of dietary folacin per 
kg of purified diet, with sucrose as the carbohydrate source, was re­
quired to deposit as much folacin in the chicken egg yolk as obtained 
with a practical diet. Sunde ejt _al. (1950a) suggested approximately 1 
mg of dietary folacin as being the amount required per kg of breeder 
diet for ample carry-over of folacin in the progeny when the progeny 
were fed a folacin-deficient diet. 
Lillie et (1950a) observed a higher folacin content in egg yolks 
when a practical basal diet containing 0.34 mg of folacin per kg was 
supplemented with 2 or 4 mg/kg of folacin. 
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Ferguson ejt al. (1961) fed turkey hens a folacin-deficient, purified 
diet and the deficient diet supplemented with 4 mg of folacin per kg. 
Eolacin egg yolk content was initially 60 to 63 mcg/100 gm, and after 8 
to 9 weeks of the experimental period, the folacin yolk content was 21 
mcg/100 gm for the eggs obtained by feeding the deficient diet and 46.5 
mcg/100 gm for the supplemented diet. Schweigert et al. (1948) also 
observed an increase in folacin content in the egg when a low-folacin 
diet was supplemented with folacin. 
Folacin requirements for growth and feather development 
A folacin deficiency has a marked effect on chick and poult growth. 
Jukes £t (1947) and Scott £t (1948) fed purified diets to poults 
and estimated the folacin requirement for growth to be 0.8 mg/kg. 
Schweigert ^  (1948) confirmed these results for poults produced from 
hens whose diet was adequately supplemented with folacin. However, the 
folacin requirement for growth was somewhat higher than 0.8 mg/kg if the 
poults were produced from hens fed a folacin-deficient diet. 
Lance and Hogan (1948) found the folacin requirement for growth of 
poults to be somewhat higher than previous workers had reported. Their 
estimate was 2 mg/kg of dietary folacin to obtain maximum growth and normal 
development. Perosis was never completely absent even though all the fac­
tors known to prevent it were added. 
Jukes and Stokstad (1947) observed that pteroyltriglutamic acid was 
as effective as folacin on a per mole basis in promoting growth. 
Snetsinger £t _al. (1963) reported that poults produced from hens re­
ceiving an adequate diet were stimulated to grow more rapidly when injected 
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with folacin early in life. Mortality was also lower for poults injected 
with folacin. Lee et (ca. 1965) were able to correct a folacin defi­
ciency in poults when they were injected with 150 meg of folacin during 
the first week after hatching. 
Folacin deficiency produced in ducklings is characterized by reduced 
growth and slightly reduced feed consumption (Miller £t £l., 1953). 
Briggs 2Ë, (1953a) demonstrated that goslings fed a purified diet re­
quired folacin during the first two weeks after hatching. Supplemental 
folacin increased weight gains, reduced mortality and prevented cervical 
paralysis. 
Briggs (1946) observed the presence of a feather-factor for chicks in 
the water-soluble fraction of liver. He suggested that this was distinct 
from all chemically identified vitamins available at that time but might 
be identical with folacin. 
Lillie and Briggs (1947c) reported that 1.5 mg of folacin per kg of 
diet would allow normal feather development and pigmentation in New Hamp­
shire chicks. Luckey £t (1946) suggested that feather development 
could not be correlated with either the amount of folacin in the diet or 
the rate of growth of the chick when low levels of folacin were included 
in the diet. 
Robertson ^  (1946) fed chicks a purified diet and suggested the 
following folacin requirements for normal development: approximately 
0.25 mg/kg of diet for survival to 6 weeks of age; 0.45 mg/kg for growth 
to 6 weeks of age and not less than 0.55 mg/kg for normal feather develop­
ment to 6 weeks of age. 
Saxena et al. (1954) found a corn-herring meal diet to be deficient 
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in folacin for chicks. Poor growth, poor feathering and a high incidence 
of perosis occurred among chicks fed this diet. A dietary folacin level 
of 0.50 mg/kg of diet was found to overcome the deficiency symptoms. 
Briggs and Lillie (1946) reported that 1 mg of folacin per kg of diet was 
necessary to prevent abnormal black areas and white areas in the new Hamp­
shire chick. The same authors reported in a later paper (Lillie and Briggs, 
1947b) that folacin was required at 1.5 mg/kg of diet for maximum growth 
and 2 mg/kg for normal feathering. 
Lillie et al. (1950b) demonstrated a higher incidence of poor growth, 
poor feathering, abnormal feather pigmentation and mortality in chicks 
produced by dams fed a low-folacin practical diet. Male progeny seemed 
to be more sensitive than were female progeny. 
Effects of dietary folacin on hematopoiesis 
Folacin is known to have a hematopoietic function, but the exact 
mechanism by which it exerts this effect is not known. Most researchers 
report a macrocytic anemia, but reports of the influence of folacin on 
hemoglobin production are quite variable in the literature published on — 
this subject. 
Hogan and Parrott (1940) fed chicks a simplified diet, which caused 
the chicks to become anemic and grow slowly. The red blood cell count, 
percent hemoglobin in the blood and packed cell volume all decreased. The 
hemoglobin per cell increased and the red blood cells were longer, wider 
and possessed an increased volume. The anemic red blood cells were less 
fragile and were more resistant to hemolysis. The anemia produced was 
reported as not being caused by fasting, and the anti-anemic agent could 
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not be identified with any vitamin previously described. 
Lance and Hogan (1948) fed turkey poults diets ranging in folacin 
content from 0.1 to 4 mg/kg of diet. Two mg of folacin per kg of diet 
were required to prevent cervical paralysis and maintain optimum hematocrit 
and hemoglobin values. Although the hematocrit and hemoglobin values of 
poults fed two diets containing less folacin were as high as those obtained 
with 2 mg/kg, the authors suggest that the more susceptible poults had 
died and the values were not representative of the hematological condition 
produced by the diets. 
This reasoning is somewhat substantiated by data presented by Russell 
et al. (1947). Hemoglobin values of poults exhibiting the cervical para­
lysis symptom of a folacin deficiency were considerably lower than those 
for surviving poults. Optimum folacin required to maintain hemoglobin 
values and prevent cervical paralysis was 2 mg/kg for 25% and 43% protein 
diets. 
Richardson e_t (1945) reported a lowered red blood cell count in 
turkey poults deficient in folacin, but none were markedly anemic. Re­
mission of the symptoms was obtained by administering crystalline folacin. 
Jukes e^ (1947) fed young turkeys purified diets containing vari­
ous levels of folacin. When the basal diet (without supplemental folacin) 
was fed, the turkeys developed a moderate degree of anemia and mean cell 
volume was slightly increased. 
Ferguson e^ al. (1961) observed a decrease in the number of red blood 
cells when mature turkey hens were fed a folacin-deficient diet. The mean 
cell volume for these hens was 185 cubic microns as compared with 136 
cubic microns for hens fed a diet containing 4 mg folacin per kg. 
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Campbell (1945) reported a severe reduction in red blood cell numbers, 
hemoglobin content and hematocrit values when chicks were folacin deficient. 
Hematocrit values were as low as 15%, hemoglobin content was 4.7 gm/100 ml 
of blood and chicks had less than one million red blood cells per cubic mm 
of blood. These values are about one-half of those obtained from chicks 
fed a folacin supplemented diet. The authors concluded that 0.4 mg/kg of 
dietary folacin was required to maintain complete protection for hemoglobin 
content, hematocrit values and red blood cell numbers. Robertson £t al. 
(1946) and Jukes and Stokstad (1947) confirmed the requirements for main­
taining normal blood values. 
Schaefer ^  (1950) reported that vitamin 6^2 could replace fola­
cin for hemoglobin production in the chick; however, slightly higher hemo­
globin values were consistently observed when both nutrients were present 
in the diet. 
Miller e_t (1953) observed a macrocytic anemia in folacin-deficient 
ducklings. Red blood cell numbers and hematocrit values were lower than 
normal. Mean cell volume for the deficient ducks was 154 cubic microns as 
compared with 141 for normal ducks. The authors stated that ducks are 
usually slightly anemic when hatched, but red blood cell numbers usually 
rise to 2.5 million per cubic mm within 10 to 12 days when an adequate diet 
is provided. Under their experimental conditions, no interrelationship was 
found between folacin and vitamin Bi2" 
Folacin interrelationships with other nutrients or feed additives 
Various interrelationships with other nutrients or feed additives add 
to the difficulty in determining the animal's requirement for folacin. 
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Several investigators have reported a sparing action of antibiotics in 
folacin deficiency. 
Biely and March (1951) reported that aureomycin had a folacin-sparing 
effect for New Hampshire male chicks fed a corn-casein diet. In addition, 
Coates £t al. (1951) observed a slight sparing action of penicillin in 
folacin-deficient chicks. Blaylock £t _al. (1952) showed similar results 
in chicks fed penicillin or aureomycin. 
Waibel £t _al. (1952) added penicillin to a practical chicken breeder 
diet without a measurable effect on egg production, body weight, egg weight 
or hatchability. However, the addition of 5 and 200 mg of penicillin per 
kg of diet did increase folacin deposition in the egg. 
Monson £t ^ al. (1954) studied the effect of aureomycin alone or in com­
bination with bacitracin and penicillin on chick weights at 4 weeks of age. 
The growth of chicks fed synthetic diets containing limiting amounts of 
folacin was increased by supplementing the diets with antibiotics. The 
increase in growth was accompanied by the appearance of one or more coli-
forms in the ileum and duodenum contents that produced increased amounts 
of extracellular folacin. Increased folacin production was correlated with 
increased liver folacin, but there was no change in the concentration of 
intestinal folacin. 
Briggs e± al. (1953b and 1953c) reported a marked depression in chick 
weight gains when aureomycin was added to a folacin-deficient diet. No re­
tardation in growth was observed with aureomycin when 3 mg of folacin per 
kg of diet was fed. Bacitracin and procaine penicillin G had no influence 
on chick weight gains. Sauberlich and Schaefer (1954) reported the in­
effectiveness of penicillin and aureomycin in preventing the toxic effects 
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of aminopterin. The antibiotics appeared to depress the growth of chicks 
fed a folacin-deficient diet, but improved growth in the presence of ade­
quate folacin. 
Glycine toxicity 
Naber £t (1951, 1952a and 1956) reported a glycine toxicity in 
chicks when practical or purified diets were supplemented with 2.5 to 10 
percent glycine. Toxicity could be alleviated by the addition of folacin. 
Serine, fed at the same concentration as glycine, was non-toxic. A vita­
min concentrate was ineffective in counteracting the glycine toxicity. 
Kratzer and Lantz (1957) obtained a glycine toxicity in poults which 
caused depressed growth, increased mortality and cervical paralysis. The 
effects could be prevented by supplementing the diets with folacin. 
Machlin £t (1951 and 1952) also observed that dietary folacin 
would counteract a glycine toxicity, but in their experiments vitamin 
was more effective. 
Effects of protein and fat levels on folacin requirement 
Folacin produced the least response in chicks fed high-fat diets or 
diets containing glucose, sucrose or starch as the sole source of carbohy­
drate in experiments conducted by Luckey e^ £l. (1946). Greater responses 
were obtained with diets containing high protein, low fat or when corn 
meal or dextrin was the carbohydrate sources. 
March and Biely (1956) fed chicks diets of natural ingredients con­
taining 20 and 26 percent protein in the presence or absence of 7.5 percent 
tallow. Each diet was fed with levels of 0.15, 0.40 and 0.65 mg/lb of fola­
cin. It was concluded that the folacin requirement of chicks is increased 
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with high protein-high fat die£s. 
Creek and Vasaitis (1963) confirmed the results of March and Biely 
(1956) that high protein diets increase the chick's requirement for fola­
cin. In one trial, it was confirmed that protein rather than high levels 
of glycine was causing the growth depressing effect. 
March and Biely (1955) studied the effects of high fat diets as well 
as the quality of the fat on folacin requirement of the chick. Their re­
sults showed that 2.5 percent herring oil was without effect while 5.0 
percent had a depressing effect on the growth rate of chicks fed a fola-
cin-deficient diet. Chicks fed diets containing herring oil and supple­
mented with folacin were significantly heavier than chicks fed the 
corresponding levels of oil in the basal diet. Three percent heated 
herring oil did not affect growth in chicks regardless of the folacin con­
tent of the diet. However, 6% heated herring oil had a marked growth-
depressing effect when added to a folacin-deficient diet, but the depress­
ing effect was completely overcome by the addition of folacin. 
Absorption of Folacin and Its Influence on Digestive Secretions 
Data regarding the site and mode of absorption of folacin in the avian 
species is definitely lacking. However, there is evidence that the site of 
absorption of folacin in the rat has been determined. 
Herbert and Shapiro (1962) used tritiated folacin to recognize trans­
port and L. casei assay of folacin activity to determine transport in 
everted sacs of rat intestine. With a favorable concentration gradient, 
there was net transport of folacin in the proximal third and minimal trans­
port in the distal third of the small intestine. With no concentration 
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gradient, net transport is still clearly from mucosal to serosal surface 
in the proximal half but not in the distal third of the small intestine. 
With an adverse concentration gradient, there is a marked movement of fola-
cin from serosal to mucosal surface in the proximal half of the small intes­
tine. This does not prevent brisk movement of tritiated folacin from 
mucosal to serosal surface, and therefore, suggests that a pump mechanism 
for transporting folacin from mucosal to serosal surface may not be invol­
ved in transporting folacin from serosal to mucosal surface. The authors 
concluded that the absorption of folacin is an active process, and the 
major site of absorption is the proximal third of the small intestine. 
Burgen and Goldberg (1962) confirmed that folacin absorption is an 
active process. They observed a mucosal to serosal flux which was 14 times 
greater than the serosal to mucosal flux. In the ileum, but not in the 
duodenum or jejunum, absorption was depressed by the presence of electro­
lytes . 
Miller et al. (1953) reported a lowered trypsin and amylase activity 
in the duodenal contents of the folacin-deficient duck. Histopathological 
examination of deficient tissue showed the absence of the secretory cycle 
of zymogen granules in the pancreas. 
Mikhlin (1963) studied the effects of aminopterin-introduced folacin 
deficiency in the dog on the enzymatic secretion of digestive glands. 
Under the influence of aminopterin, the solid portion of the intestinal 
juice periodically diminished by a factor of 1% to 2. In a number of 
cases, secretion of the solid, and sometimes liquid, portion of the juice 
ceased entirely. Enterokinase and phosphatase enzymes were decreased, 
whereas, sucrase, lipase and peptidase were unchanged in intestinal juice 
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analysis. Although there was a decrease in quantity of pancreatic and 
gastric juices, the enzyme content was not altered by aminopterin. 
Morphological investigation of the digestive tract after the administra­
tion of aminopterin showed that crypts and villi were completely absent 
in some areas. 
Selected Metabolic Requirements in Folacin Metabolism 
Naber £t _al. (1952a) reported that increased dietary folacin will re­
lieve the growth-depressing effects of high dietary glycine. A vitamin 
3-^2 concentrate was ineffective in counteracting the glycine toxicity. 
The authors stated that folacin has been shown to be directly or indirectly 
involved in metabolic reactions of glycine, such as (1) the conversion of 
glycine to serine; (2) the synthesis of purine bases, and hence of uric 
acid, for which glycine is one precursor and (3) the incorporation of 
formate (formed in part from glycine) into serine and heme. Thus, one might 
expect folacin-deficient individuals to have a limited capacity for meta­
bolism of glycine through normal channels. 
Livers from normal and folacin-deficient turkey poults were incubated 
with glycine-2-C^^ (Vohra e_t al., 1956). In the normal poult, the alpha-
carbon of glycine was incorporated in the 2 and 3 positions of serine and 
in both the methyl groups and ethanolamine moiety of choline. A folacin 
deficiency reduced the total amount of serine synthesized from the alpha-
carbon of glycine with a greater reduction in the incorporation of in 
the 3 position than in the 2 position. Choline synthesis was reduced 
slightly with a reduction of incorporation of in the ethanolamine 
moiety and an increase in the methyl groups. 
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Young et al. (1955) demonstrated that chicks were able to utilize 
monomethylaminoethanol plus betaine as efficiently as an equimolar con­
centration of choline, either in the presence or absence of folacin. 
Their data would indicate that, in the chick, folacin is not concerned 
with the transfer of methyl groups from betaine to choline. 
Schaefer and Knowles (1951) have shown in the presence of adequate 
methyl groups (from choline), vitamin B-^2 alone is as effective for methi­
onine synthesis in the rat, as when combined with folacin. When a limited 
supply of methyl groups are present, both folacin and vitamin B]^2 ace 
essential for synthesis of choline and methionine from aminoethanol, 
homocystine and a limited supply of betaine. 
Livers from folacin-deficient chicks oxidized choline at a reduced 
rate and exhibited a reduced ability to form methionine from homocysteine 
or homocystine in the presence of added choline or betaine (Dinning ^  al., 
1951). Liver choline oxidase was significantly reduced in folacin-defi-
cient chicks, but kidney choline oxidase was not significantly affected. 
The addition of folacin _iji vitro enhanced the rate of methionine formation 
by folacin-replete chick livers, but not by folacin-deficient livers. 
Dinning and Day (1954) and Dinning ^  (1954) reported an increased 
succinic oxidase activity in bone marrow cell suspensions of folacin-
def icient chicks. There was a complete loss of bone marrow choline oxidase. 
Incorporation of choline into phospholipids and formate into nucleic acids 
was greatly increased in the marrow cells from the folacin-deficient chicks. 
Naber et jl. (1952b) tested several purine bases and related nucleo­
sides for their effectiveness in potentiating the reversal by thymidine of 
aminopterin inhibition of the chick embryo. Hypoxanthine was most active; 
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adenine and guanine were somewhat active whereas xanthine was inactive. 
Of the nucleosides tested, only inosine was active. Inosine together 
with thymidine completely overcame the effects of 1 meg/egg of amino-
pterin. The authors interpreted the results to mean that aminopterin 
prevents embryonic growth by preventing synthesis of essential compounds 
for the formation of nucleic acids. When these substances are provided 
preformed, growth occurs even though aminopterin is present. 
The data of Naber and Bird (1957) and Naber et £l. (1954) provide 
direct dietary evidence to support the hypothesis that folacin is involved 
in the biosynthesis of nucleic acid derivatives. By supplying supplements 
of several nucleic acids or providing a combination of crystalline thymi­
dine and hypoxanthine, chick gains were increased when the purified diet 
was partially deficient in folacin. Neither the pure compounds nor the 
nucleic acids improved growth when the chicks received an adequate amount 
of folacin. 
Creek and Vasaitis (1963) observed that uric acid output of chicks is 
maintained when a folacin-deficient diet is fed. These data would indi­
cate a preferential use of the vitamin for this function at the expense 
of growth. 
Futterman and Silverman (1957) demonstrated the enzymatic conversion 
of folacin to tetrahydrofolic acid by use of an undialyzed extract of 
chicken liver homogenate. Tetrahydrofolic acid was found to be labile, 
and upon exposure to air, cleaved non-enzymatically at the 9 and 10 link­
age. Tetrahydrofolic acid was stabilized when chemically formylated. 
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Folacin Activity in Feed Ingredients 
Lillie and Briggs (1947a) used chick assays to estimate the quantita­
tive distribution of folacin in common feedstuffs. Cereal grains, grain 
by-products and dairy by-products were relatively poor sources; soybean 
oil meal, alfalfa meal and fermentation solubles were relatively good 
sources; yeast from several origins and liver meals were excellent sources. 
A sample of menhaden fish meal showed no folacin activity. 
Blaylock et^ ±1- (1950) determined the folacin content of fresh, dehy­
drated and field-cured alfalfa. There was no loss of folacin during the 
dehydration process or during the field-curing process. 
Biely £t (1952) and Tarr et (1954) observed a decrease in 
folacin activity when herring meals were processed by normal commercial 
flame drying as compared with a lower drying temperature. 
Saxena £t _al. (1954) found a corn-herring meal diet to be deficient in 
folacin. The folacin level needed to overcome the deficiency was less than 
0.50 mg/kg of diet. Several natural feedstuffs known to contain high 
amounts of folacin, and the levels which were adequate to overcome the de­
ficiency were reported as follows: 5.00% dehydrated grass; 2^29% brewers' 
yeasts; 8.337» soybean oil meal and 2.50% liver meal. 
Cropper and Scott (1964) determined the availability of folacin in 
natural feedstuffs for young chicks and poults. Microbiological assay of 
corn, soybean meal and brewers' dried yeasts showed that as much as 85 per­
cent of the total folacin may be present in the form of folacin conjugate. 
Data gave evidence that the chick and poult were able to utilize the total 
folacin in brewers' dried yeasts. The authors stated that practical rations 
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for young chicks and poults composed chiefly of corn and soybean meal con­
tained more than double the minimum folacin requirement of these species. 
However, if fish meal is substituted for the soybean meal and the diet 
contains little or no alfalfa meal, it could be deficient in folacin, 
especially for young poults. 
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EXPERIMENTAL PROCEDURE 
General Management and Feeding 
Turkey breeders 
Keithley White male and female turkeys, hatched and reared at the 
Iowa State University Poultry Farms, were used in all of the breeder 
experiments. These birds were selected for breeders at 24 weeks of age 
and fed a standard turkey breeder holding diet until the experimental 
diets were fed. Potential breeder hens were maintained on a restricted 
lighting program until 30 weeks of age, at which time they were given 14 
hours of light per day for the remainder of the experimental periods. 
Males were maintained on a restricted lighting program until 28 weeks of 
age, and then the light was increased to 14 hours per day to stimulate 
sexual maturity. 
Turkey breeder Experiment 1 was conducted in an unheated poultry 
house, whereas Experiments 2 and 3 were conducted in a heated poultry 
house in which the temperature was maintained above 45° F. 
Turkey breeders were allowed to consume feed and water ^  libitum. 
The feed was mixed in quantities of 200 pounds for each experimental lot 
and stored in metal containers. New quantities of feed were mixed as 
needed throughout the experimental periods. 
In Experiment 2, hens were artificially inseminated bi-weekly, with 
each hen receiving 0.025 ml of semen per insemination. Semen was 
collected in quantities which could be used in one-half hour periods. 
Natural mating with 2 males per pen was used in Experiments 1 and 3, and 
the males were rotated from pen to pen once each week. During the last 8 
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weeks of Experiment 1, artificial insemination supplemented natural 
mating in an attempt to increase fertility. 
Eggs were collected at least 3 times daily and properly identified. 
At the end of each day, all eggs collected were placed in a turkey egg 
case and stored in a room with a temperature of approximately 55° F. 
Eggs were set at bi-weekly intervals in a single-stage Jamesway in­
cubator. Eggs were randomly placed in the incubators so as to minimize 
any position effect which might occur in the incubator. Each incubator 
was equipped with an automatic turning device which turned the eggs 
every 3 hours. Temperature in the incubator for the first 25 days of the 
incubation period was 99.5° F with a relative humidity of approximately 
60%. 
On the 25th day of incubation, all eggs set were candled to deter­
mine embryonic growth. Any egg showing a considerable amount of embryon­
ic growth was considered fertile. Eggs which were clear or having a 
slight to moderate amount of cloudiness without signs of embryonic growth 
were considered infertile. Percent fertility was calculated as the ratio 
of eggs showing embryonic growth to total eggs set. 
After candling, the eggs were placed in hatching baskets in a James-
way hatcher. They remained in the hatcher from the 25th to the 29th day 
of incubation. The temperature was maintained at 98° F with a relative 
humidity of approximately 70%. 
On the morning of the 29th day of incubation, the hatch was removed 
from the hatcher, and all poults which were fully emerged from the egg 
were considered to be hatched. Percent hatchability was calculated as 
the ratio of poults hatched to fertile eggs. 
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Turkey poults 
In poult trials of 2 to 4 weeks' duration, the experiments were con­
ducted in five-deck battery brooders equipped with wire floors and thermo­
statically controlled electric heating elements of the back-warming type. 
The temperature under the hovers was initially 95° F and was adjusted to 
the comfort of the poults throughout the experiment. The heights of the 
hovers were also adjusted during this period. In the poult trials which 
were 6 weeks in duration, poults at 4 weeks of age were transferred to 
five-deck intermediate growing batteries where they remained for the dura­
tion of the experimental periods. 
Poults were allowed ad libitum access to experimental diets and water 
at all times. The feed was mixed in quantities of 25 pounds for each 
experimental lot and stored in metal containers with covers. New quanti­
ties of feed were mixed as needed throughout the experimental periods. 
Liver Folacin Determinations 
Turkey breeder hens and poults from experiments designed for folacin 
determinations were randomly selected from each experimental unit. After 
the birds were sacrificed, livers were removed, wrapped in aluminum foil, 
and stored in a freezer at 0° C until the determinations were made. 
Livers from turkey breeder hens and poults for each experimental unit 
were pooled and a 2 gm sample was taken for the folacin determination. 
The method used for the determination of total folacin in liver was that 
described by the Association of Official Agricultural Chemists (1955). 
Desiccated chicken pancreas was used to supply the folacin conjugase 
enzyme. Streptococcus faecalis R growth was determined spectrophotometri-
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cally at 620 millimicrons after 24 hours of incubation. 
Hematological Determinations 
Hemoglobin 
Hemoglobin (Hb) determinations were made using the technique des­
cribed by Bankowski (1942) as modified by Denington and Lucas (1955). 
Hemoglobin concentrations were determined spectrophotometrically at 370 
millimicrons. 
Packed cell volume 
Packed cell volumes (PCV) were determined by a microcapillary method 
similar to that described by Natelson (1961). A clinical centrifuge with 
a head designed for microcapillary tubes was used. Centrifugation was at 
a speed of 5000 rpm for 8 minutes. Packed cell volumes were read direct­
ly by utilizing a hematocrit reader. 
Red blood cell counts 
Red blood cell (RBC) counts were made by counting the number of RBC 
in 80 small squares in a Spencer hemocytometer. Free-flowing blood from 
a wing vein was collected in a RBC diluting pipette and diluted 1-200 with 
the diluent described by Natt and Herrick (1952). The blood was allowed 
to stand in the pipette for 2 minutes and then shaken for 1 minute. 
The nucleus of the oval erythrocytes stained violet and the cytoplasm 
of the cell also stained violet, but to a much less intensity. Since the 
shape of the erythrocyte is so characteristic, no difficulty was encoun­
tered in differentiating it from the leucocyte and thrombocyte. 
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Definition of terms 
Mean corpuscular volume (MCV) is the ratio of the volume of RBC per 
1 to the number of RBC in millions per cubic mm. This ratio is the 
average cell volume in cubic microns. 
Mean corpuscular hemoglobin concentration (MCHC) is defined as 100 
times the ratio of the gm of Hb per 100 ml of blood to PCV. This value 
is the mean hemoglobin concentration in gm per 100 ml of RBC. 
Mean corpuscular hemoglobin (MCH) is defined as 10 times the ratio 
of gm of Hb per 100 ml to RBC in millions per cubic mm. This value is 
the micromicrograms of Hb per RBC. 
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EXPERIMENTAL RESULTS 
Experiment One 
Objective 
This experiment was designed to study the relationship between fola-
cin and choline in turkey breeder hen nutrition. Balloun and Miller (1964) 
indicated that the choline requirements of the turkey breeder hen probably 
did not exceed 450 mg/lb of diet. 
Response criteria selected for observation in this experiment were 
egg production, feed conversion, egg fertility, hatchability and progeny 
growth when fed a standard turkey starter diet. 
Materials and methods 
A replicated completely randomized design with a 2 x 2 factorial 
arrangement of treatments was selected for the experimental design. One 
hundred twenty Keithley White females and 16 Keithley White males were 
randomly assigned to eight experimental units, with each experimental 
unit consisting of 15 females and 2 males. 
The composition of the basal breeder diet is given in Table 1. The 
folacin content of the basal diet was determined to be 0.17 mg/lb of 
diet by the microbiological technique described by the Association of 
Official Agricultural Chemists (1955), and the choline content was calcu­
lated to be 345 mg/lb of diet. The other folacin level was 0.36 mg/lb 
of diet, and the other choline level was 625 mg/lb of diet. 
The experimental period was 16 weeks. Management and feeding prac­
tices were described previously. 
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Table 1. Composition of diets used in Experiments 1 and 2 
Ingredient Breeder diet 
(%) 
Poult diet 
(%) 
Ground yellow corn 60.0 38.5 
Soybean meal (50% protein) 00.0 34.0 
Wheat middlings 20.0 5.0 
Dehydrated alfalfa meal (20% protein) 00.0 2.5 
Meat and bone scrap (50% protein) 16.0 5.0 
Fish meal (Menhaden) 0.0 5.0 
Dried brewers' yeast 0.0 1.5 
Dried whey 0.0 2.0 
Soybean oil 0.0 2.0 
Dicalcium phosphate 0.0 1.5 
Ground oyster shell 2.5 1.5 
Salt and trace mineral mix® 0.5 0.5 
Vitamin mix^c 1.0^ 1.0^ 
^Provides per lb of complete diet: sodium chloride, 1.8 gm; manganese, 
56.7 mg; zinc, 22.7 mg; iron, 22.7 mg; copper, 2.3 mg. 
^Provides per lb of complete diet: vitamin A, 3000 lU; vitamin D3, 1000 
ICU; vitamin E, 10 lU; vitamin K, 2 mg; vitamin 10 meg; riboflavin, 
2 mg; niacin, 17 mg; calcium pantothenate, 6 mg; and ethoxyquin, 12.5 mg. 
^Provides per lb of complete diet; vitamin A, 4000 lU; vitamin D3, 1000 
ICU; vitamin E, 5 lU; vitamin K, 1 mg; vitamin Bi2> 10 meg; riboflavin, 
2 mg; niacin, 30 mg; calcium pantothenate, 2 mg; choline, 300 mg; and 
ethoxyquin, 12.5 mg. 
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Progeny from dams in each experimental unit were reared to 2 weeks 
of age to determine the effect of maternal diet on poult growth. Progeny 
were fed the poult starter diet shown in Table 1. 
Analyses of variance tests were made on egg production, feed conver­
sion, egg fertility, hatchability and progeny growth to 2 weeks of age. 
Results and discussion 
The average egg production, feed conversion ratios and egg fertility 
are given in Tables 2, 3 and 4 respectively. Dietary folacin and choline 
did not significantly affect any of these evaluation criteria. Analyses 
of variance for these criteria are given in the Appendix (Tables 39, 40 
and 41). Evidently, the turkey breeder hen's folacin and choline require­
ments for these production factors are met by the levels of the nutrients 
provided in the basal diet. 
The hatchability data given in Figure 1 show a pronounced dietary 
effect. The analysis of variance given in the Appendix (Table 42) shows 
that a significant folacin-choline interaction exists. Added choline is 
more effective in increasing hatchability in the presence of low dietary 
folacin than when an adequate folacin level is provided. Kratzer £t al. 
(1956) reported a significant reduction in hatchability of turkey eggs 
when a diet containing 0.32 mg of folacin per kg was fed. Balloun and 
Miller (1964) observed no reduction in hatchability when a choline level 
as low as 450 mg/lb of diet was fed to turkey breeder hens. 
A significant folacin-period interaction would indicate that 0.36 
mg of folacin per lb of diet tended to reduce the sharp decrease in 
hatchability as the experiment progressed. A moderate decline in hatch-
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Table 2. Effect of dietary folacin and choline on egg production 
Treatment 
Dietary folacin Dietary choline 
(mg/lb) (mg/lb) 
Egg Production 
(eggs/hen) 
0.17 345 40.8* 
0.17 625 41.4 
0.36 345 40.4 
0.36 625 42.9 
^Average of two pens of 15 hens per experimental diet. 
Table 3. Effect of dietary folacin and choline on feed conversion 
Treatment 
Dietary folacin Dietary choline 
(mg/lb) (mg/lb) 
Feed Conversion 
(lb feed/egg produced) 
0.17 345 1.893 
0.17 625 1.90 
0.36 345 1.99 
0.36 625 1.82 
^Average of two pens of 15 females and 2 males per experimental diet. 
Table 4. Effect of dietary folacin and choline on egg fertility (%) 
Treatment^ 
Dietary Dietary 
folacin choline Period 
(mg/lb) fme/lb") 1 2 3 4 5 6 7 8 Average 
0.17 345 48.7 61.7 61.2 42.5 41.3 38.0 42.4 37.7 46.7 
0.17 625 45.8 46.5 40.7 51.0 41.3 38.8 43.4 38.2 43.2 
0.36 345 47.5 58.3 54.4 51.4 44.1 38.7 44.7 34.3 46.7 
0.36 625 55.2 55.8 46.0 42.2 38.7 35.7 39.6 37.3 43.8 
®Two pens of 15 females and 2 males per experimental diet. i 
bsi-weekly settings of eggs. 
o 
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ability is generally expected as the season progresses. 
Weight of the progeny at 2 weeks of age was also influenced by mater­
nal dietary folacin and choline. Growth data presented in Figure 2 and 
the analysis of variance presented in the Appendix (Table 43) indicate 
that supplemental choline in the maternal diet is more effective in pro­
moting progeny growth when the maternal diet contains 0.36 mg of folacin 
per lb of diet. When the maternal diet contained 0.17 mg of folacin per 
lb of diet, supplemental choline in the maternal diet did not provide a 
growth promoting effect to the progeny. Folacin carry-over to the poult, 
therefore, must be essential for promotion of rapid progeny growth. 
Balloun and Miller (1964) demonstrated that 450 mg of choline per lb 
of maternal diet was adequate for promoting progeny growth to 2 weeks of 
age. 
Cervical paralysis was not evident in the progeny produced by hens 
fed the folacin-deficient diets. However, there appeared to be numerous 
poults from these groups of hens which had an accumulation of urates 
around the cloaca. There was no visual evidence of urate accumulation on 
poults produced from hens fed the higher level of folacin. 
Experiment Two 
Objective 
The objectives of this experiment were the same as described in the 
Experiment 1, except that additional levels of folacin were provided in 
the maternal diet. This permitted a broader evaluation of the relation­
ship between dietary folacin and choline in turkey breeder hen nutrition. 
Figure 2. Effect of dietary folacin and choline on poult weight 
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Materials and methods 
A replicated completely randomized design with a 2 x 4 factorial 
arrangement of treatments was selected as the experimental design. Two 
hundred forty Keithley White breeder hens were randomly assigned to 16 
experimental units. Management and feeding practices were previously 
described. Artificial insemination of the hens was used exclusively 
throughout the 14 weeks of the experimental period. 
Breeder hen and poult basal diets were given previously in Table 1. 
Assayed folacin levels for this experiment were 0.18, 0.37, 0.56 and 
0.76 mg/lb of complete diet, and calculated choline levels were the same 
as in Experiment 1. 
Response criteria selected were egg production, feed conversion, 
egg fertility, hatchability and progeny growth to 2 weeks of age when 
fed a standard turkey starter diet. 
Results and discussion 
Since only 2 dietary levels each of folacin and choline were employed 
in Experiment 1, interest in the effects of higher levels of dietary fola­
cin in turkey breeder hen nutrition was developed. As can be seen in 
Tables 5 and 6, dietary treatment did not affect egg production or turkey 
hen feed conversion over the 14-week experimental period. These data 
substantiate the results of Experiment 1. The results obtained in the 
2 experiments indicate that the turkey's requirement for egg production 
does not exceed 0.16 mg of folacin or 345 mg of choline per lb of diet, 
nor is feed consumption decreased with these nutrient levels. The 
analyses of variance tests for egg production and feed conversion are 
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Table 5. Effect of dietary folacin and choline on egg production 
Treatment 
Dietary folacin 
(mg/lb) 
Dietary choline 
(mg/lb) 
Egg production 
(eggs/hen) 
0.18 345 40.3* 
0.18 625 44.0 
0.37 345 43.4 
0.37 625 50.7 
0.56 345 45.0 
0.56 625 38.7 
0.76 345 43.4 
0.76 625 47.4 
^Average of two pens of 15 hens per experimental diet. 
Table 6. Effect of dietary folacin and choline on feed conversion 
Treatment 
Dietary folacin Dietary choline Feed conversion 
(mg/lb) (mg/lb) (lb feed/egg produced) 
0.18 345 1.05* 
0.18 625 0.94 
0.37 345 1.02 
0.37 625 0.91 
0.56 345 1.02 
0.56 625 1.19 
0.76 345 1.01 
0.76 625 0.97 
^Average of two pens of 15 hens per experimental diet. 
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given in the Appendix (Tables 44 and 45). 
The influence of dietary folacin and choline on egg fertility is 
shown in Table 7. The analysis of variance (Table 46 in Appendix) indi­
cates a significant folacin-choline interaction, but it is doubtful that 
this effect is meaningful since fertility was unusually low for this 
experiment. Probably by chance, hens with a slightly higher capacity 
for producing fertile eggs were grouped together. 
Hatchability data are represented graphically in Figure 3. Statis­
tical analysis of the data (Table 47, Appendix) indicates a significant 
folacin-choline interaction. This is interpreted to mean that the 2 
levels of choline react differently to the various levels of folacin. 
This interaction effect is shown more clearly in Figure 4. In the pre­
sence of 345 mg of choline per lb of diet, there is a linear increase in 
hatchability as dietary folacin increases. However, hatchability 
plateaus for the three higher levels of folacin in the presence of 625 
rag of choline per lb of diet. 
The significant folacin-period interaction is interpreted to mean 
that there was a rapid decline in hatchability of eggs produced by hens 
fed the low-folacin diets as the experimental period progressed, whereas, 
the three higher levels of folacin tended to prevent such a rapid decline. 
Poult weight at 2 weeks is shown in Table 8. Although maternal 
dietary choline appeared to increase poult weight over all levels of 
folacin, this effect was not statistically significant (Table 48, Appen­
dix) . 
The significant folacin-period interaction is interpreted to mean 
there is a more rapid decline in poult weight as the hatching season pro-
Table 7. Effect on dietary folacin and choline on egg fertility (%) 
Treatment 
Dietary Dietary 
folacin choline Period^ 
(mg/lb) (mg/lb) 1 2 3 4 5 6 7 Average 
0.18 345 60.8 60.2 50.0 51.4 55.4 34.8 39.6 50.3 
0.18 625 68.4 63.3 49.0 43.6 50.7 31.8 31.0 48.3 
0.37 345 65.0 52.5 47.1 48.6 53.2 35.3 28.0 47.1 
0.37 625 80.0 79.2 59.9 45.9 51.9 36.8 35.8 55.6 
0.56 345 63.3 69.2 43.2 45.5 42.5 30.0 29.4 46.2 
0.56 625 58.4 54.2 59.3 47.8 49.4 33.0 35.9 48.3 
0.76 345 77.5 65.8 62.4 46.8 54.1 32.4 30.6 52.8 
0.76 625 60.0 54.2 49.1 44.4 45.8 31.4 30.4 45.0 
^Bi-weekly settings of eggs. 
Figure 3. Effect of dietary folacin and choline on hatchability 
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Table 8. Effect of maternal dietary folacin and choline on progeny weight (gm) 
Treatment 
Dietary Dietary 
folacin choline Period* 
(mg/lb) (mg/lb) 1 2 3 4 5 6 7 Average 
0.18 345 220 198 196 170 154 136 118 170 
0.18 625 220 210 199 192 167 164 134 184 
0.37 345 216 204 194 175 152 133 117 170 
0.37 625 223 212 213 192 170 158 137 186 
0.56 345 202 210 208 183 171 161 138 182 
0.56 625 202 209 208 196 173 164 140 185 
0.76 345 219 204 214 190 176 154 159 188 
0.76 625 223 218 216 200 183 163 152 194 
^Bi-weekly hatches of poults. 
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gresses when maternal dietary folacin is decreased (Figure 5). 
No gross abnormalities were observed in breeder hens as a result of 
a low-folacin diet. As was the case in Experiment 1, cervical paralysis 
was not present in the progeny produced by hens fed a low-folacin diet. 
However, as was observed in Experiment 1, the accumulation of urates 
around the cloaca of the poult was prevalent in the progeny of these 
groups of hens. 
Experiment Three 
Objective 
March and Biely (1955 and 1956) demonstrated an increased folacin 
requirement when chicks were fed a high-fat diet. Since turkey breeder 
hens, under practical-field conditions, are subjected to a variety of 
regimes, it was of interest to investigate the relationship between 
added fat and folacin in turkey breeder hen nutrition. 
Response criteria were (1) egg production; (2) feed conversion; 
(3) egg fertility; (4) hatchability; (5) liver folacin content in breeder 
hens; (6) packed cell volume (PCV) in breeder hens; (7) effect of maternal 
and poult diets on poult viability and blood values; and (8) the effect 
of folacin injections on poult growth and mortality. 
Materials and methods 
Two hundred forty Keithley White females and 32 Keithley White males 
were randomly assigned to 16 experimental units. Natural mating was used 
exclusively, and the males were rotated from pen to pen each week. Since 
males were housed with the females, male feed consumption was included in 
Figure 5. Interaction of folacin and period on poult weight 
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the feed conversion ratios. 
The experimental design was a replicated completely randomized de­
sign with a 2 X 4 factorial arrangement of dietary treatments. The 
experimental period was of 18 weeks duration and 9 bi-weekly settings of 
eggs were made. 
Feeding and management practices were as described in the Experiment­
al Procedure section. Experimental basal diets are given in Table 9. 
The breeder hen diets were assayed to contain 0.16, 0.36, 0.56 and 0.76 
mg of folacin per lb of diet, and each level was fed in the presence or 
absence of 5% added soybean oil. The poult diets were assayed to contain 
0.37 and 0.87 mg of folacin per lb of diet, and they were also fed in the 
presence and absence of 57» soybean oil. 
The fifth hatch of poults produced by hens fed diets containing the 
several folacin concentrations in the presence of 5% added soybean oil 
was used to evaluate the effects of maternal dietary folacin levels and 
poult dietary folacin and added soybean oil on poult viability and blood 
values. Since the number of poults from each breeder dietary folacin 
level varied, 3 to 5 vent-sexed males and females were assigned to each 
of 4 poult dietary regimes. Poults were weighed and PCV and Hb values 
were determined at the end of the first, third and sixth week after hatch­
ing. Mortality was recorded for the entire 6-week period. 
The seventh hatch of poults produced by hens fed diets with the four 
folacin concentrations, but containing no soybean oil, was used for the 
same purpose as the fifth hatch. Three or 4 vent-sexed mules and females 
were assigned to each of 4 poult dietary regimes. Poults were weighed 
at the end of the fourth and sixth weeks, but blood values were not deter-
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Table 9. Composition of diets used in Experiment 3 
Breeder Poult 
Ingredient 
Diet I 
(%) 
Diet II 
(%) 
Diet I 
(%) 
Diet II 
(%) 
Ground yellow corn 5 8 . 0  5 8 . 0  4 4 . 0  4 4 . 0  
Soybean meal ( 5 0 %  protein) 0 0 . 0  0 0 . 0  1 5 . 0  1 5 . 0  
Wheat middlings 2 0 . 0  2 0 . 0  1 0 . 0  1 0 . 0  
Fish meal (Menhaden) 1 2 . 0  1 2 . 0  2 3 . 5  2 3 . 5  
Cellulose (Solka-Floc) 5 . 0  0 . 0  5 . 0  0 . 0  
Soybean oil 0 . 0  5 . 0  0 . 0  5 . 0  
Ground oyster shell 2 . 5  2 . 5  1 . 0  1 . 0  
Dicalcium phosphate 1 . 0  1 . 0  0 . 0  0 . 0  
Salt and trace mineral mix& 0 . 5  0 . 5  0 . 5  0 . 5  
Vitamin mix^^ l. o b  i . c f  1 . 0 ^  i . c f  
^Composition given in Table 1. 
^Provides per lb of complete diet: vitamin A, 3000 lU; vitamin D3, 1000 
ICU; vitamin E, 10 lU; vitamin K, 2 mg; vitamin Bi2> ÎO meg; riboflavin, 
2 mg; niacin, 12 mg; calcium pantothenate, 5 rag; choline, 400 mg; and 
ethoxyquin, 12.5 mg. 
^Composition given in Table 1. 
mined since mortality was extremely high in several pens after only 4 days 
of the experimental period. Poult mortality was recorded for the entire 
experimental period. 
The ninth hatch of poults from breeder hens fed the diets containing 
0.16 mg of folacin per lb of diet were fed poult diet I shown in Table 9. 
Six or 7 unsexed poults were randomly assigned to each of 8 pens. Four 
days after hatching, poults in 2 pens were injected with 1/2 ml of saline 
solution and served as controls for poults injected with 1/2 ml of saline 
solutions containing 50, 100 or 150 meg of folacin. Poult weight and 
mortality were recorded at the end of the second week. 
Analyses of variance were computed for (1) egg production; (2) feed 
conversion; (3) egg fertility; (4) hatchability; (5) breeder hen PCV and 
liver folacin values; (6) poult mortality for the fifth and seventh 
hatches of poults; (7) poult weight, PCV and Hb values at the end of 1 
week for the fifth hatch of poults; and poult weight and mortality for the 
ninth hatch of poults injected with various amounts of folacin. 
Results and discussion 
Dietary variables in this experiment did not affect egg production 
(Table 10). These data confirm the results of Experiments 1 and 2, and 
it must be assumed that the requirement for egg production is lower than 
0.16 mg of folacin per lb of diet. Although there were some numerical 
differences in egg production among the dietary treatments, these differ­
ences were not statistically significant (Appendix, Table 49). 
Since this experiment was conducted in a house with the temperature 
maintained above 45° F, it was believed that differences in feed conver-
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Table 10. Effect of dietary folacin and soybean oil on egg production 
Treatment 
Dietary folacin Added Egg production 
soybean oil 
(mg/lb) (eggs/hen) 
0.16 0 49.8 
0.16 5 51.4 
0.36 0 46.4 
0.36 5 47.5 
0.56 0 49.0 
0.56 5 41.9 
0.76 0 45.6 
0.76 5 40.4 
Table 11. Effect of dietary folacin and soybean oil on feed conversion 
Treatment 
Dietary folacin Added Feed conversion 
soybean oil 
(mg/lb) a) (lb feed/egg produced) 
0.16 0 1.47 
0.16 5 1.23 
0.36 0 1.44 
0.36 5 1.21 
0.56 0 1.32 
0.56 5 1.47 
0.76 0 1.40 
0.76 5 1.39 
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ratios might exist. The data presented in Table 11 and the statistical 
analysis of the data (Appendix, Table 50) show no real differences exist 
in feed conversion ratios. Evidently, the 5% added soybean oil did not 
appreciably affect the feed consumption of birds fed these diets. 
Fertility data for each dietary treatment of 9 bi-weekly settings 
of eggs are presented in Table 12. Egg fertility for the hens fed 5% 
added soybean oil was consistently lower than when no oil was added to 
the diets. This difference is statistically significant (Appendix, 
Table 51), but an explanation for this difference is not readily avail­
able. An antioxidant and ample vitamin E were added to all diets, so 
the possibility of marginal dietary vitamin E seems unrealistic. 
Since unexplained decreases in egg fertility are not uncommon under 
practical field conditions, this observed effect might be worthy of 
additional study at this time. No conclusion will be drawn as to whether 
this decrease in egg fertility was the result of additional soybean oil 
or whether it was a chance occurance. 
Hatchability data for the 9 bi-weekly settings of eggs are shown in 
Table 13. Statistical analysis (Appendix, Table 52) of the data indi­
cates a significant folacin-soybean oil interaction. In the absence of 
added soybean oil, hatchability increased linearly with increasing levels 
of dietary folacin, whereas there was a quadratic effect in the presence 
of 57o added soybean oil. March and Biely (1955) concluded that 5% 
herring oil had a growth-depressing effect on chicks fed a folacin-defi-
cient diet. This appears to be true for the hatchability of turkey eggs 
as well, since hatchability of eggs produced by hens fed the diet contain­
ing 0.16 mg of folacin per lb in the presence of added soybean oil was 
Table 12. Effect of dietary folacin and soybean oil on egg fertility (%)* 
Treatment 
Dietary Added soy-
folacin bean oil Period® 
(mg/lb) (%) ,1 2 3 4 5 6 7 8 9 Average 
0.16 0 
1 
96.9 91.3 80.0 75.0 78.4 75.0 67.6 73.9 64.7 78.1 
0.16 5 43.4 60.0 61.7 71.7 70.2 75.8 68.2 71.1 68.2 65.6 
0.36 0 71.4 63.4 62.5 71.6 73.0 82.5 61.8 70.4 60.6 68.6 
0.36 5 44.2 75.0 68.4 72.5 73.4 70.8 61.2 67.8 57.8 65.7 
0.56 0 73.0 78.3 78.3 86.6 66.6 66.0 69.4 76.6 74.0 74.3 
0.56 5 58.9 72.4 72.5 79.2 70.0 57.5 51.0 46.0 54.3 62.4 
0.76 0 44.0 86.6 77.3 65.0 68.4 90.0 81.6 79.2 66.9 73.2 
0.76 5 76.0 68.8 60.0 60.0 64.1 54.2 61.6 56.7 61.4 62.5 
^Natural mating with 15 females and 2 males per pen. 
^Bi-weekly settings of eggs. 
Table 13. Effect of dietary folacin and soybean oil on hatchability (%) 
Treatment 
Dietary Added soy-
folacin bean oil Period^ 
(mg/lb) a) 1 2 3 4 5 6 7 8 9 Average 
0.16 0 90.7 94.7 87.5 53.3 75.5 53.3 56.7 59.2 48.7 68.8 
0.16 5 94.4 90.3 78.4 65.1 61.5 38.7 48.9 60.7 28.7 63.0 
0.36 0 87.1 88.2 93.3 83.7 84.3 82.8 74.4 59.5 37.3 76.7 
0.36 5 75.7 84.4 93.9 71.3 85.6 81.2 67.4 73.6 70.2 78.1 
0.56 0 86.7 88.3 80.8 59.6 76.2 70.9 58.8 77.2 52.8 72.4 
0.56 5 93.9 86.2 82.8 71.9 81.8 81.2 66.7 71.0 57.4 77.0 
0.76 0 95.7 94.2 85.9 82.0 78.0 79.6 63.0 78.7 80.6 82.0 
0.76 5 89.6 82.5 72.3 55.6 74.0 82.8 60.0 60.3 61.0 70.9 
^Bi-weekly settings of eggs. 
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consistently lower than the corresponding level of folacin in the absence 
of soybean oil. 
Kratzer et ai. (1956) observed a slight depressing effect in hatcha­
bility of turkey eggs when high folacin levels were fed, but they did not 
believe that folacin was toxic at the levels used in their experiments. 
The decrease in hatchability of eggs produced by hens fed the highest level 
of folacin in the presence of soybean oil in the presently reported experi­
ment cannot be explained on the basis of feed consumption, since feed 
consumption was as high for these hens as for the other groups. 
The significant folacin-period interaction confirms the results of the 
previous experiments. Hatchability of eggs produced by hens fed the low­
est level of folacin declined quite rapidly after the second bi-weekly 
setting of eggs. Decreased hatchability was more gradual and less pro­
nounced when the higher levels of folacin were fed. The lowest level of 
folacin was not sufficient to support optimum hatchability, and furthermore, 
most of the unhatched embryos died during the last 2 or 3 days of incuba­
tion. This would suggest a critical need for folacin in later stages of 
embryonic development. 
Folacin is known to have a hematopoietic effect and this has been ob­
served in the avian species. Data for the PCV values of turkey breeder 
hens are presented in Table 14. Statistical analysis of the data show 
that dietary folacin did not affect PCV even after breeder hens had been 
consuming diets with varying folacin levels for 18 weeks (Appendix, Table 
53). Ferguson £t al. (1961) observed a reduction in the number of red 
blood cells and an increased cell volume for turkey hens fed a folacin-
deficient purified diet. It is possible that these changes occurred in 
Table 14. Influence of dietary folacin and soybean oil on breeder hen PCV and liver folacin® 
Dietary folacin 
(mg/lb) 
Added soybean oil 
(%) 
PCV 
(%) 
Liver folacin 
(mcg/gm) 
Rep 1 Rep 2 Average Rep 1 Rep 2 Average 
0.16 0 43.5 38.0 40.8 2.10 1.89 2.00 
0.16 5 40.5 38.5 39.5 2.01 1.99 2.00 
0.36 0 40.5 40.5 40.5 3.22 3.06 3.14 
0.36 5 38.5 41.0 39.8 2.96 3.07 3.02 
0.56 0 35.5 41.5 38,5 3.72 3.68 3.70 
0.56 5 39.0 43.0 41.0 3.68 3.79 3.74 
0.76 0 39.5 39.5 39.5 3.98 4.01 4.00 
0.76 5 36.5 39.0 37.8 4.13 4.05 4.09 
^Two hens from each pen were sacrificed at the termination of the experiment. 
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this experiment, but may have counteracted each other to such an extent 
that PCV values were not changed. 
After sacrificing hens at the termination of the experiment, liver 
folacin analyses were determined (Table 14). Dietary folacin significantly 
influenced the folacin content of the livers (Appendix, Table 53). Fola­
cin content of livers increased linearly as dietary folacin increased. 
Added soybean oil did not affect liver folacin content. 
When poults from the fifth hatch, produced by hens fed the 4 folacin 
concentrations in the presence of 5% soybean oil, were fed the 4 poult 
dietary treatments, an evaluation of the effects of maternal as well as 
poult diet on poult viability was possible. A concentration of 0.37 mg of 
folacin per lb of poult diet is slightly lower than the amount recommended 
by the National Research Council (1960), whereas 0.87 mg of folacin per lb 
of poult diet is about twice the suggested recommendation. 
Because the number of male and female poults per experimental unit 
was not as large as we normally like to have, the data were analyzed 
statistically only as long as a majority of the poults survived. 
The mortality data from 1-day to 6 weeks of age are presented in 
Table 15. Since mortality ranged from 100% to 0%, the statistical analysis 
(Appendix, Table 54) was computed on the transformed data as indicated in 
Table 15. 
A significant breeder dietary folacin-poult dietary folacin inter­
action was observed. When poults were fed the diets marginal in folacin, 
mortality decreased with increasing folacin concentration in the breeder 
diet. On the other hand, poult mortality did not appear to be affected 
to an appreciable extent by the breeder folacin concentration when poults 
Table 15. Effect of maternal dietary folacin, poult dietary folacin and added soybean oil and sex 
on poult mortality^ 
Breeder diet Poult diet Sex Rep 1 Rep 2 Average 
folacin folacin added soy­
bean oil 
(mg/lb) (mg/lb) (%) m ro f%) 
0.16 0.37 0 M 100.Ob 66.7 83.4 
0.16 0.37 0 F 50.0 66.7 58.4 
0.16 0.37 5 M 75.0 100.0 87.5 
0.16 0.37 5 F 66.7 100.0 ' 83.4 
0.16 0.87 0 M 0.0 33.3 16.7 
0.16 0.87 0 F 33.3 33.3 33.3 
0.16 0.87 5 M 0.0 0.0 0.0 
0.16 0.87 5 F 0.0 0.0 0.0 
0.36 0.37 0 M 20.0 100.0 60.0 
0.36 0.37 0 F 80.0 80.0 80.0 
0.36 0.37 5 M 60.0 60.0 60.0 
0.36 0.37 5 F 0.0 20.0 10.0 
0.36 0-87 0 M 40.0 0.0 20.0 
0.36 0.87 0 F 0.0 0.0 0.0 
0,36 0.87 5 M 0.0 0.0 0.0 
0.36 0.87 5 F 0.0 0.0 0.0 
&Fifth hatch of poults from breeder hens receiving 5% added soybe an oil. 
^Statistical analysis c omputed on transformed data: Arc s in JT! 
Table 15. (Continued) 
Breeder diet Poult diet Sex Rep 1 Rep 2 Average 
folacin folacin added soy­
bean oil 
(ms/lb) (mg/lb) (%) (%) (%) 
0.56 0.37 0 M 50.8 50.0 50.4 
0.56 0.37 0 F 20.0 0.0 10.0 
0.56 0.37 5 M 40.0 75.0 57.5 
0.56 0.37 5 F 0.0 60.0 30.0 
0.56 0.87 0 M 20.0 25.0 22.5 
0.56 0.87 0 F 0.0 20.0 10.0 
0.56 0.87 5 M 20.0 25.0 22.5 
0.56 0.87 5 F 20.0 0.0 10.0 
0.76 0.37 0 M 25.0 25.0 25.0 
0.76 0.37 0 F 0.0 0.0 0.0 
0.76 0.37 5 M 40.0 25.0 32.5 
0.76 0.37 5 F 0.0 25.0 12.5 
0.76 0.87 0 M 0.0 25.0 12.5 
0.76 0.87 0 F 0.0 0.0 0.0 
0.76 0.87 5 M 40.0 25.0 32.5 
0.76 0.87 5 F 0.0 25.0 12.5 
58 
were fed diets containing the higher level of folacin. 
In this trial, poult sex was also a significant factor in poult 
mortality. In general, mortality was higher among male than female 
poults, regardless of maternal or progeny dietary regime. 
The addition of soybean oil to the poult diet did not appear to 
affect mortality. When soybean oil was added to the diet containing 0.87 
mg of folacin per lb, mortality was somewhat lower but the difference 
was non-significant. 
All poults appeared normal and mortality was low until 8 days after 
hatching. At this time, poults consuming diets containing the lower 
folacin concentration and produced by hens fed diets containing 0.16 rag 
of folacin per lb became quite nervous and began chirping as if in pain. 
At approximately the same time some poults with the previously mentioned 
symptoms exhibited drooping wings and a stiff and extended neck similar 
to that described by Lee et, ±1 (ça. 1965) and other research workers. 
Deficiency symptoms in poults fed the marginal-folacin diets and produced 
by hens fed the diets containing 0.36 mg of folacin per lb appeared 
approximately 1 day later. 
Figure 6 shows a poult with symptoms of a folacin deficiency. Within 
24 hours after the appearance of the stiff and extended neck, the poult 
would generally die. The poult shown in Figure 6 was injected intra­
muscularly with 150 meg of folacin and recovery from visual deficiency 
symptoms was complete by the next day. This would indicate that the 
visual symptoms were the result of inadequate folacin. Briggs ^  al. 
(1953a) reported higher mortality and incidence of cervical paralysis 
in folacin-deficient goslings. 
Figure 6. Seven-day old poult exhibiting drooping wings and cervical 
paralysis which are characteristic symptoms of a folacin 
deficiency 
y y 
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Poult weight gains from day of hatch to 1 week of age are given in 
Table 16 and the statistical analysis is presented in Table 55 in the 
Appendix. Folacin concentrations in the breeder and poult diets signi-
^cantly influenced poult weight gains to 1 week of age. Poult weight 
gains were increased linearly with increasing folacin concentration in 
the breeder diet. Poults consuming diets with the higher folacin concen­
tration gained significantly more than did those consuming the diets with 
a lower folacin concentration. 
Male poults gained significantly more during the first week after 
hatching. Generally, weight gains for male and female poults during the 
first few weeks are not greatly different. Thus, increased weight gains 
for the males may have been a predisposing factor for higher mortality 
for this sex. 
Weight gains for 2 succeeding periods are presented in Tables 17 and 
18. Since mortality was high in several experimental units, data for 
those periods were not analyzed statistically. However, increased weight 
gains are evident for poults consuming diets with 0.87 mg of folacin per 
lb. Progeny weight gains generally increased with increasing folacin in 
the breeder diets, but this trend was not consistent in all cases. 
Schweigert £t _al. (1948) reported that the poult requirement for growth 
was higher than 0.80 mg of folacin per kg of diet when poults were pro­
duced from hens fed a folacin-deficient diet. 
Lance and Hogan (1948) estimated the poult folacin requirement for 
maximum growth and feathering to be 2 mg/kg of diet. Perosis was never 
completely absent even though all the factors known to prevent it were 
added. In the presently reported experiment, poor feathering and perosis 
Table 16. Poult weight gains from 0-1 week of age (5th hatch) 
Breeder diet Poult diet Sex Rep 1 Rep 2 Average 
folacin folacin added soy­
bean oil 
(mg/lb) (mg/lb) (%) (sm) (Km) (gm) 
0.16 0.37 0 M 35.0 43.0 39.0 
0.16 0.37 0 F 21.5 30.0 25.8 
0.16 0.37 5 M 26.0 21.0 23.5 
0.16 0.37 5 F 13.0 22.0 17.5 
0.16 0.87 0 M 41.0 43.4 42.4 
0.16 0.87 0 F 45.0 37.3 41.2 
0.16 0.87 5 M 38.2 61.7 50.0 
0.16 0.87 5 F 33.0 43.6 38.3 
0.36 0.37 0 M 59.0 35.4 47.4 
0.36 0.37 0 F 36.8 28.8 32.8 
0.36 0.37 5 M 43.6 49.0 46.3 
0.36 0.37 5 F 42.8 47.0 44.9 
0.36 0.87 0 M 41.8 64.0 52.9 
0.36 0.87 0 F 43.0 45.2 44.1 
0.36 0.87 5 M 42.0 48.8 45.4 
0.36 0.87 5 F 39.4 57.0 48.2 
Table 16. (Continued) 
Breeder diet 
folacin 
(mfi/lb) 
Poult diet 
folacin 
(ms/lb) 
added soy­
bean oil 
(%) 
Sex Rep 1 
(gn) 
Rep 2 Average 
0.56 
0.56 
0.37 
0.37 
0 
0 
M 
F 
44.6 
41.0 
34.7 
30.6 
39.6 
35.8 
0.56 
0.56 
0.37 
0.37 
5 
5 
M 
F 
46.2 
45.4 
26.5 
23.2 
36.4 
34.3 
0.56 
0.56 
0.87 
0.87 
0 
0 
M 
F 
58.0 
40.0 
48.0 
30.6 
53.0 
35.3 
0.56 
0.56 
0.87 
0.87 
5 
5 
M 
F 
55.0 
50.0 
58.7 
58.8 
56.8 
54.4 
0.76 
0.76 
0.37 
0.37 
0 
0 
M 
F 
32.3 
31.7 
56.7 
51.0 
44.5 
41.4 
0.76 
0.76 
0.37 
0.37 
5 
5 
M 
F 
53.8 
47.8 
73.0 
36.7 
63.4 
42.2 
0.76 
0.76 
0.87 
0.87 
0 
0 
M 
F 
54.3 
46.8 
67.3 
50.6 
60.8  
48.7 
0.76 
0.76 
0.87 
0.87 
5 
5 
M 
F 
41.3 
43.6 
61.3 
54.0 
51.3 
48.8 
Table 17. Poult weight gains (gm) from 1-3 weeks of age (5th hatch) 
Poult diet Sex Poult dietary folacin (mg/lb) 
Added soy­
bean oil 
0 .37 0. 
Breeder dietary folacin (mg/lb) 
87 
(%) 0.16 0.36 0.56 0.76 0.16 0.36 0.56 0.76 
0 
M 292* 239* 138 218 232 240 279' 268 
F 176* 100* 150 205 195 232 189 226 
5 
M 162* 184 151 238 229 236 231 252 
F 102* 153 136 187 190 223 225 262 
*Value based on very few poults. 
/ 
Table 18. Poult weight gains (gm) from 3-6 weeks of age (5th hatch) 
Poult diet Sex Poult dietary folacin (mg/lb) 
Added soy­
bean oil 
0. 37 0. 
Breeder dietary folacin (mg/lb) 
87 
(%) 0.16 0.36 0.56 0,76 0.16 0.36 0.56 0.76 
A 
M 1045* 891* 703* 762 864 . 896 1056 884 
F 612* 742* 562 682 698 840 756 848 
C 
M 1177* 948* 782* 1036 1128 1060 1038 1152 
D 
F 770* 746 831 872 846 876 883 1046 
*Value based on very few poults. 
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were prevalent when poults consumed the diets marginal in folacin. 
Figure 7 shows perosis and poor feathering in several poults fed the mar-
ginal-folacin diet and produced from hens consuming diets containing 0.56 
mg of folacin per lb. 
Hemoglobin and packed cell volume values were determined for 2 ran­
domly selected males and females per experimental unit at 1 week of age. 
Hemoglobin values (Table 19) were quite variable and no statistically 
significant differences (Appendix, Table 56) were observed. A period of 
1 week may not have been sufficient time for a folacin deficiency to 
exert its effect on Hb values. 
Hb values for poults which were 3 and 6 weeks of age are shown in 
Tables 20 and 21 respectively. These data were not analyzed statistically 
since mortality was high in several experimental units and not many poults 
were available for determinations. However, when poults were fed a 
marginal-folacin containing diet, Hb values were higher for poults pro­
duced by hens fed a diet containing 0.76 mg of folacin per lb than for 
those produced by hens fed a diet with 0.56 mg of folacin per lb. No 
trend can be seen when poults were fed a diet containing 0.87 mg of fola­
cin per lb. 
Packed cell volume values for 1-week old poults are presented in 
Table 22 and statistical analysis of the data is given in Table 56 in 
the Appendix. Generally, it is reported that a folacin deficiency lowers 
Hb and PCV values with an accompanying reduction in the number of RBC. 
The data for the presently reported experiment show a statistically signi­
ficant linear decrease in PCV with increasing concentrations of folacin 
in the breeder diet. These data may not be as conflicting with published 
Figure 7. Six-week old poults showing poor feathering and perosis 
as a result of a marginal-folacin diet 
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Table 19. Poult hemoglobin values at 1 week of age (5th hatch) 
Breeder diet Poult diet Sex Rep 1 Rep 2 Average 
folacin folacin added soy­
bean oil 
(mg/lb) (mg/lb) (%) (gm/100 ml) (gm/100 ml) (gm/100 ml) 
0.16 0.37 0 M 7.8 7.9 7.8 
0.16 0.37 0 F 8.7 6.5 7.6 
0.16 0.37 5 M 8.7 7.2 8.0 
0.16 0.37 5 F 8.4 7.6 8.0 
0.16 0.87 0 M 8.7 7.6 8.2 
0.16 0.87 0 F 7.0 7.4 7.2 
0.16 0.87 5 M 7.6 7.8 7.7 
0.16 0.87 5 F 6.9 7.8 7.4 
0.36 0.37 0 M 7.6 8.2 6.9 
0.36 0.37 0 F 9.0 6.8 7.9 
0.36 0.37 5 M 7.8 6.0 6.9 
0.36 0.37 5 F 8.5 6.6 7.6 
0.36 0.87 0 M 6.8 8.0 7.4 
0.36 0.87 0 F 7.6 7.8 7.7 
0.36 0.87 5 M 7.5 7.1 7.3 
0.36 0.87 5 F 7.7 7.4 7.6 
Table 19. (Continued) 
Breeder diet Poult diet Sex Rep 1 Rep 2 Average 
folacin folacin added soy­
1 bean oil 
(mg/lb) (mg/lb) (%) (gm/100 ml) (gm/100 ml) (gm/100 ml) 
0.56 0.37 0 M 7.4 7.0 7.2 
0.56 0.37 0 
1 
F 7.7 7.0 7.4 
0.56 0.37 5 M 7.4 7.6 7.5 
0.56 0.37 5 F 7.6 7.4 7.5 
0.56 0.87 1 0 M 6.8 7.8 7.3 
0.56 0.87 0 F 7.4 7.5 7.4 
0.56 0.87 5 M 6.6 6.1 6.4 
0.56 0.87 5 F 7.8 7.2 7.5 
0.76 0.37 0 M 6.6 8.0 7.3 
0.76 0.37 0 F 7.5 7.8 7.6 
0.76 0.37 5 M 7.6 7.6 7.6 
0.76 0.37 5 F 7.8 7.8 7.8 
0.76 0.87 0 M 6.6 7.1 6.8 
0.76 0.87 0 F 7.2 7.8 7.5 
0.76 0.87 5 M 7.3 7,6 7.4 
0.76 0.87 5 F 7.2 7.9 7.6 
Table 20. Poult Hb values (gm/100 ml) at 3 weeks of age (5th hatch) 
Poult diet Sex Poult dietary folacin (mg/lb) 
Added soy­
bean oil 
0, .37 0. 
Breeder dietary folacin (mg/lb) 
87 
(%) 0.16 0.36 0.56 0.76 0.16 0.36 0. 56 0.76 
0 
M 8.6* 8.7* 7.3 8.2 7.9 8.2 7. 9 7.6 
F 8.2* 7.8 7.5 8.4 7.6 8.0 7. 8 7.9 
M 8.4* 7.7 7.8 8.0 8.2 8.4 8. 3 8.8 
D 
F 7.0 8.7 6.8 7.7 8.3 8.2 8. 0 8.6 
*Value based on very few determinations. 
Table 21. Poult Hb values (gm/100 ml) at 6 weeks of age (5th hatch) 
Poult diet Sex Poult dietary folacin (mg/lb) 
Added soy­
bean oil 
0. 37 0. 
Breeder dietary folacin (mg/lb) 
,87 
(%) 0. ,16 G, .36 0. ,56 0, ,76 0. ,16 0.36 0, 56 0, ,76 
0 
M 9, .0* 8. .4* 8, ,9 9, .5 9. ,0 8.9 8. 6 9, ,3 
F 9, .0* 10, .2* 8, .4 8, ,8 8. 6 9.3 8, ,7 9, .5 
M 9, .0* 9, .4 9, ,7 9. ,0 9. ,4 8.6 9. 1 9. 6 
5 
F 8, .8* 9, .4 8, .8 9, .2 9, ,4 9.8 9. 2 9. 6 
*Value based on very few determinations. 
Table 22. Poult PCV values at 1 week of age (5th hatch) 
Breeder diet Poult diet Sex 
folacin folacin added soy­
bean oil 
(mg/lb) (mg/lb) 
0.16 0.37 0 M 
0.16 0.37 0 F 
0.16 0.37 5 M 
0.16 0.37 5 F 
0.16 0.87 0 M 
0.16 0.87 0 F 
I 
0.16 0.87 5 M 
0.16 0.87 5 F 
0.36 0.37 0 M 
0.36 0.37 0 F 
0.36 0.37 5 M 
0.36 0.37 5 F 
0.36 0.87 0 M 
0.36 0.87 0 F 
0.36 0.87 5 M 
0.36 0.87 5 F 
Rep 1 Rep 2 Average 
(%) (%) (%1_ 
39.0 39.5 39.2 
38.5 32.0 35.2 
38.0 33.5 35.8 
36.5 33.0 34.8 
37.0 35.5 36.2 
33.0 32.0 32.5 
36.0 34.0 35.0 
34.5 35.0 34.8 
33.5 38.0 35.8 
38.5 33.0 37.8 
35.0 27.5 31.2 
38.5 31.5 35.0 
33.0 34.5 33.8 
37.0 35.0 36.0 
32.5 33.5 33.0 
33.5 34.0 33.8 
Table 22. (Continued) 
Breeder diet 
folacin 
(mg/lb) 
Poult diet Sex 
folacin 
(mg/lb) 
added soy­
bean oil 
Rep 1 
(%) 
Rep 2 
(%) 
Average 
0.56 
0.56 
0.37 
0.37 
0 
0 
M 
F 
35.5 
36.0 
34.0 
33.0 
34.8 
34.5 
0.56 
0.56 
0.37 
0.37 
5 
5 
M 
F 
36.0 
34.5 
32.5 
33.0 
34.2 
33.8 
0.56 
0.56 
0.87 
0.87 
0 
0 
M 
F 
29.5 
33.5 
31.0 
32.5 
29.8 
33.0 
0.56 
0.56 
0.87 
0.87 
5 
5 
M 
F 
30.0 
35.0 
29.0 
34.0 
29.5 
34.5 
0.76 
0.76 
0.37 
0.37 
0 
0 
M 
F 
30.0 
35.5 
34.5 
35.0 
32.2 
35.2 
0.76 
0.76 
0.37 
0.37 
5 
5 
M 
F 
32.5 
32.5 
32.5 
33.0 
32.5 
32.8 
0.76 
0.76 
0.87 
0.87 
0 
0 
M 
F 
30.0 
32.5 
34.5 
36.5 
32.2 
34.5 
0.76 
0.76 
0.87 
0.87 
5 
5 
M 
F 
32.5 
32.5 
34.5 
31.5 
33.5 
32.0 
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data as one would be inclined to believe. If an assumption that RBC 
volume increases prior to a reduction in RBC numbers, the presently re­
ported data would conform to this reasoning. Also a significant poult 
dietary folacin concentration effect would add support to the above 
assumption. Packed cell volume values were significantly higher for 
poults fed the diets containing 0.37 mg of folacin per lb. 
Packed cell volume values for poults 3 and 6 weeks of age were quite 
variable (Tables 23 and 24). These data were not analyzed statistically 
since several values were based on only 1 or 2 determinations as a re­
sult of high mortality. No particular trend is present in either time 
of sampling. At these poult ages, the more susceptible poults had pro­
bably died and the values obtained were not indicative of the hematological 
condition produced by the diets as was the case in the data reported by 
Lance and Hogan (1948). 
The seventh hatch of poults produced by hens fed the various folacin 
concentrations in the absence of soybean oil was subjected to the same 
poult dietary regimes as were the poults from the fifth hatch. 
Poult mortality for the entire experimental period is presented in 
Table 25. As was the case in the previous poult trial, there was a signi­
ficant breeder dietary folacin-poult dietary folacin interaction (Appendix, 
Table 57). Mortality for poults fed the marginal-folacin diets decreased 
linearly with increasing folacin concentration in the breeder diets. When 
poults were fed the diets containing 0.87 mg of folacin per lb, mortality 
was not as high for poults produced by hens fed the 2 higher dietary fola­
cin concentrations, although the differences were not as great as when 
poults were fed the marginal-folacin diets. 
Table 23. Poult PCV values (%) at 3 weeks of age (5th hatch) 
Poult diet Sex Poult dietary folacin (mg/lb) 
Added soy­
bean oil 
0. 37 
Breeder dietary 
0. 
folacin (mg/lb) 
87 
(%) 0.16 0.36 0.56 0.76 0.16 0.36 0.56 0.76 
0 
M 40.0* 35.5* 35.0 36.2 36.5 34.8 34.2 34.0 
F 36.0* 36.2 31.8 37.5 34.8 36.0 35.2 36.8 
M 37.5* 34.2 33.2 38.0 36.2 38.2 35.8 38.8 
D 
F 31.6 37.2 30.5 34.5 35.8 36.5 35.5 36.8 
*Value based on very few determinations. 
Table 24. Poult PCV values (%) at 6 weeks of age (5th hatch) 
Poult diet Sex Poult dietary folacin (mg/lb) 
Added soy­
bean oil 
0. 37 
Breeder dietary 
0. 
folacin (mg/lb) 
87 
(%) 0.16 0.36 0.56 0.76 0.16 0.36 0.56 0.76 
0 
M 40.0* 38.0* 38.2 41.2 39.8 40.2 38.0 39.8 
F 37.5* 42.0* 36.2 41.5 35.8 40.5 38.8 38.0 
c 
M 40.0* 39.8 41.2 39.8 38.2 37.2 38.2 38.5 
J 
F 40.0* 39.8 38.0 38.2 39.8 40.0 39.0 39.2 
*Value based on very few determinations. 
Table 25. Effect of maternal dietary folacin, poult dietary folacin and added oil and sex on poult 
mortality (%)& 
Breeder diet Poult diet Sex Rep 1 Rep 2 Average 
folacin folacin added soy­
bean oil 
(mg/lb) (mg/lb) (%) r%) (%) 
0.16 0.37 0 M 100.Ob 100.0 100.0 
0.16 0.37 0 F 75.0 75.0 75.0 
0.16 0.37 5 M 75.0 66.7 70.8 
0.16 0.37 5 F 100.0 75.0 87.5 
0.16 0.87 0 M 25.0 0.0 12.5 
0.16 0.87 0 F 0.0 0.0 0.0 
0.16 0.87 5 M 75.0 25.0 50.0 
0.16 0.87 5 F 25.0 0.0 12.5 
0.36 0.37 0 M 100.0 25.0 62.5 
0.36 0.37 0 F 100.0 25.0 62.5 
0.36 0.37 5 M 25.0 100.0 62.5 
0.36 0.37 5 F 50.0 50.0 50.0 
0.36 0.87 0 M 0.0 0.0 0.0 
0.36 0.87 0 F 0.0 25.0 12.5 
0.36 0.87 5 M 50.0 25.0 37.5 
0.36 0.87 5 F 25.0 25.0 25.0 
^Seventh hatch of poults from breeder hens receiving 0% added soybean oil. 
S^tatistical analysis computed on transformed data: Arcsin 4^ . 
Table 25. (Continued) 
Breeder diet 
folacin 
(mg/lb) 
Poult diet 
folacin 
(mg/lb) 
added soy­
bean oil 
(%) 
Sex Rep 1 Rep 2 
(%) 
Average 
(%) 
0.56 
0.56 
0.37 
0.37 
0 
0 
M 
F 
66.7 
0 . 0  
25.0 
50.0 
45.8 
25.0 
0.56 
0.56 
0.37 
0.37 
5 
5 
M 
F 
25.0 
0 . 0  
66.7 
25.0 
45.8 
12.5 
0.56 
0.56 
0.87 
0.87 
0 
0 
M 
F 
0 . 0  
0 . 0  
25.0 
0 . 0  
12.5 
0 . 0  
0.56 
0.56 
0.87 
0.87 
5 
5 
M 
F 
50.0 
0 . 0  
25.0 
0 . 0  
37.5 
0 . 0  
0.76 
0.76 
0.37 
0.37 
0 
0 
M 
F 
50.0 
25.0 
0 . 0  
0 . 0  
25.0 
12.5 
0.76 
0.76 
0.37 
0.37 
5 
5 
M 
F 
50.0 
25.0 
0 . 0  
0 . 0  
25.0 
12.5 
0.76 
0.76 
0.87 
0.87 
0 
0 
M 
F 
0 . 0  
0 . 0  
25.0 
40.0 
12.5 
20.5 
0.76 
0.76 
0.87 
0.87 
5 
5 
M 
F 
0 . 0  
0 . 0  
0 . 0  
50.0 
0 . 0  
25.0 
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The rapidity of appearance of visual symptoms of a folacin deficiency 
was greater for this hatch of poults than the previous hatch. Four days 
after hatching, poults fed the marginal-folacin diets and produced by hens 
fed the diets containing 0.16 mg of folacin per lb began showing folacin-
deficiency symptoms and death was the result. Shortly thereafter, poults 
produced by hens fed the diets containing the 2 intermediate dietary fola­
cin concentrations also showed folacin-deficiency symptoms and increased 
mortality. 
Poult weight gains from hatching to 4 weeks of age and from 4 to 6 
weeks of age are given in Tables 26 and 27 respectively. Since these data 
were not analyzed statistically, one can only generalize as to their 
significance. More rapid weight gains were obtained by the poult diets 
containing the higher concentration of folacin. The breeder dietary fola­
cin effect is not consistent even when poults were fed the diets with the 
higher folacin concentration. 
Poults from the ninth bi-weekly hatch of eggs produced by hens fed 
the diets containing 0.16 mg of folacin per lb were randomly assigned to 
8 experimental units. All poults were fed the marginal-folacin diet with­
out added soybean oil (Table 9, page 47). Four days after hatching, 
poults were injected intramuscularly with saline solutions containing 
various concentrations of folacin. 
The 2-week poult weight and mortality data for the various treat­
ments are presented in Table 28. The groups injected with the solution 
containing no folacin were not included in the statistical analysis of 
poult weights (Appendix, Table 58). 
There was a significant linear increase in poult weight as the in-
Table 26. Poult weight gains (gm) from 0-4 weeks of age (7th hatch) 
Poult diet Sex Poult dietary folacin (mg/lb) 
Added soy­
bean oil 
0. 37 
Breeder dietary 
0. 
folacin (mg/lb) 
87 
(%) 0.16 0.36 0.56 0.76 0.16 0.36 0.56 0.76 
0 
M 247* 240 300 560 525 493 516 
F 338* 320* 260 348 442 504 498 501 
M 252* 335* 430 274 566 539 474 618 
D 
F 481* 202* 379 394 427 476 480 572 
*Value based on very few poults. 
Table 27. Poult weight gains (gm) from 4-6 weeks of age (7th hatch) 
Poult diet Sex Poult dietary folacin (mg/lb) 
Added soy- 0.37 Ô.87 
bean oil Breeder dietary folacin (mg/lb) 
(%) 0.16 0.36 0.56 0.76 0.16 0.36 0.56 0.76 
0 
M 379* 271* 416 458 572 430 534 
F 271* 427* 321 441 531 506 499 482 
c 
M 304* 302* 374 368 659 710 654 701 
J 
F 540* 280* 341 470 502 550 534 642 
*Values based on very few poults. 
00 
N3 
I 
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jection dose of folacin increased. Lee £t (ca. 1965) also reported 
a more satisfactory recovery from a folacin deficiency when poults were 
injected with 150 meg of folacin per poult than when lesser amounts of 
folacin were used. Snetsinger £t (1963) observed an increased rate 
of growth and lower mortality when poults produced by hens receiving an 
adequate breeder diet were injected with folacin. The growth data from 
the presently reported trial would indicate that poults injected with 
150 meg of folacin could grow rapidly even though they were fed a 
marginal-folacin diet and were produced by hens fed a folacin-deficient 
diet. 
Mortality data, also presented in Table 28, and statistical analysis 
presented in Appendix Table 58, show a significant linear decrease in 
mortality as the folacin injection dose increased. All poults that re­
ceived no supplemental folacin and died before the termination of the 
trial exhibited symptoms of a folacin deficiency. Two poults receiving 
the 50 meg injection of folacin also showed symptoms of a folacin defi­
ciency. One hundred meg of folacin per poult appears to be sufficient to 
prevent high mortality. 
Experiment Four 
Objective 
This experiment was designed to evaluate more extensively the effects 
of dietary folacin on poult viability and the hematological condition of 
poults. In the poult trials conducted in conjunction with Experiment 3, 
it appeared that poult viability was influenced to a greater extent by 
folacin in the poult diet than by maternal dietary folacin. 
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Response criteria in Experiment 4 were poult weights at 2 and 4 weeks 
of age, poult hemoglobin and hematocrit values and poult mortality. 
Materials and methods 
The experimental design was a completely randomized design with tri­
plicate pens of poults for each of 5 dietary treatments. Ten 1-day-old 
Keithley White male poults produced by the Iowa State University turkey 
breeder flock were randomly assigned to each experimental unit. The 
experimental period was 4 weeks in duration. 
Poults were weighed at the end of the second and fourth week of the 
experiment. At the times of weighing, blood samples were taken from 3 
randomly selected poults per experimental for Hb and PCV determinations. 
Whenever possible, the same poults were used for determinations at both 
sampling times. If selected poults died prior to the second sampling 
time, a replacement poult was selected. Mortality and visual observations 
were recorded continuously throughout the experimental period. 
Management and feeding methods were described in the Experimental 
Procedure section. The basal diet (Table 29) was assayed to contain 0.14 
mg of folacin per lb of diet. Folacin was added in increments of 0.1 mg 
per lb of complete diet with the highest total folacin concentration 
being 0.54 mg per lb of complete diet. 
Results and discussion 
Poult weights at 2 and 4 weeks of age, and poult mortality for the 
experimental period are given in Table 30. When poults were 2 weeks of 
age, there was a tendency for poults consuming diets with the higher fola­
cin concentrations to be heavier, but these differences were not signifi-
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Table 28. influence of folacin injection on poult weight and mortality 
Injection 
dose 
2-wk poult wt. 
(gm) 
Mortality 
a )  
(mcg/poult) Rep 1 Rep 2 Average Rep 1 Rep 2 Average 
0^ 203 .0 148.0 175.5 85.7 83.3 84.5 
50 153 .8 141.6 147.7 28.6 16.7 22.6 
100 177 .5 169.2 173.4 14.3 00.0 7.2 
150 193 .0 195.3 194.2 14.3 00.0 7.2 
^Control treatment was not included in poult weight statistical analysis. 
Table 29. Composition of diet used in Experiment 4 
Ingredient (%) 
Ground yellow corn 52.25 
Wheat middlings 12.00 
Fish meal (Menhaden) 32.25 
Ground oyster shell 1.00 
Salt and trace mineral mix& 0.50 
Vitamin mix^ 1.00 
^Composition given in Table 1, page 27. 
^Composition given in Table 1, page 27. 
/ 
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Table 30. Effect of dietary folacin on poult weight and mortality 
Dietary 
folacin 
2-wk wt 4-wk wt 
(W 
Mortality 
(%) 
0.14 
Rep 1 
Rep 2 
Rep 3 
Average 
105 
102 
118 
108 
268 
234 
230 
244 
80.0  
80 .0  
60 .0  
73.3 
0.24 
Rep 1 
Rep 2 
Rep 3 
Average 
111 
181 
118 
137 
288 
538 
341 
389 
40.0 
60 .0  
20.0  
40.0 
0.34 
Rep 1 
Rep 2 
Rep 3 
Average 
136 
130 
122 
129 
428 
396 
442 
422 
40.0 
20.0 
50.0 
36.7 
0.44 
Rep 1 
Rep 2 
Rep 3 
Average 
152 
123 
119 
131 
478 
394 
406 
426 
40.0 
30.0 
40.0 
36.7 
0.54 
Rep 1 
Rep 2 
Rep 3 
143 
174 
132 
435 
482 
409 
20 .0  
30.0 
40.0 
Average 150 442 30.0 
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cant (Appendix, Table 59). At the time the experiment was terminated, 
this trend still existed but again there were no statistical differences. 
Since mortality was extremely high for those poults fed the basal diet, 
this treatment was not included in the statistical analysis of the 4-week 
data. 
There was a statistically significant linear decrease in mortality 
as the concentration of folacin increased. Mortality was still quite 
high for poults consuming the diet with the highest folacin concentration. 
Cervical paralysis and poor feathering were evident in poults fed the 
basal diet. The experimental period may not have been of sufficient 
duration to exhaust body stores of folacin when poults were fed the diets 
with higher folacin concentrations. 
Hemoglobin and packed cell volume values, which were determined at 
the end of the second and fourth weeks, are shown in Table 31. Values 
for determinations at both sampling times were quite variable and no 
statistical differences were detected (Appendix, Table 59). Hemoglobin 
and packed cell volume values at the end of the fourth week were eliminated 
from the statistical analyses since the number of determinations per 
experimental unit was limited. 
Experiments Five and Six 
Objective 
These experiments were designed to produce a rapidly developing fola­
cin deficiency similar to that exhibited by poults described in Experiment 
3. Kratzer and Lantz (1957) demonstrated that high dietary glycine inten­
sified a folacin deficiency in poults, but the cervical paralysis symptom 
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Table 31. Effect of dietary folacin on poult Hb and PCV values 
Dietary 2-wk 4-wk 
folacin 
(mg/lb) 
Hb 
(gm/100 ml) 
PCV 
(%) 
Hb 
(gm/lOO ml) 
PCV 
(%) 
0.14 
Rep 1 
Rep 2 
Rep 3 
8.3 
9.7 
9.2 
26.3 
30.7 
28.0 
7.9 
7.5 
8.3 
37.0 
39.0 
36.0 
Average 9.1 28.3 7.9 37.3 
0.24 
Rep 1 
Rep 2 
Rep 3 
8.4 
10.8 
9.9 
28.7 
32.0 
31.7 
7.0 
6.6 
7.4 
32.0 
30.7 
35.3 
Average 9.7 30.8 7.0 32.7 
0.34 
Rep 1 
Rep 2 
Rep 3 
6.7 
7.5 
9.2 
24.7 
26.3 
30.3 
6.7 
7.2 
10.5 
30.7 
32.7 
34.3 
Average 7.8 27.1 8.1 32.6 
0.44 
Rep 1 
Rep 2 
Rep 3 
9.5 
9.0 
8.9 
31.7 
31.7 
29.7 
6.4 
7.9 
7.6 
33.3 
36.0 
35.3 
Average 9.1 31.0 7.3 34.9 
0.54 
Rep 1 
Rep 2 
Rep 3 
8.1 
8.9 
8.0 
29.3 
29.0 
26.7 
7.3 
6.6 
7.5 
34.3 
32.7 
35.7 
Average 8.3 28.3 7.1 34.2 
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was the result of a folacin deficiency rather than glycine toxicity. 
Response criteria in Experiment 5 were poult weights at 1, 2 and 4 
weeks of age, Hb and PCV values at the end of the first, second and 
fourth weeks and poult mortality for the entire experimental period. 
Response criteria for Experiment 6 were (1) poult weights at 2 weeks of 
age; (2) Hb and PCV values at the end of the second week; (3) poult 
mortality for a 2-week period; and (4) poult liver folacin content at 
the termination of the experiment. 
Materials and methods 
The experimental design was a completely randomized design with 
triplicate pens of poults for each experimental treatment. The dietary 
treatments were applied in a 2 x 3 factorial arrangement with 0.18, 0.48 
and 0.78 mg of folacin per lb of diet in the presence or absence of 4% 
added glycine (Table 32). 
Ten 1-day-old Keithley White male poults were randomly assigned to 
each experimental unit in Experiment 5, and 8 male poults were assigned 
to each experimental unit in Experiment 6. Four poults from each experi­
mental unit were randomly selected for Hb and PCV determinations and 
liver folacin analysis. The same poults in an experimental unit were 
sampled throughout the experiments unless a death occurred, in which case 
a replacement was randomly selected from the surviving poults in an 
experimental unit. 
In the statistical analyses of the 4-week data in Experiment 5, treat­
ments involving 4% added glycine were eliminated since poult mortality was 
100% in each experimental unit when the diet contained 0.18 mg of folacin 
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Table 32. Composition of diets used in Experiments 5 and 6 
Ingredient Diet I Diet II 
(%) (%) 
Ground yellow corn 52.0 55.0 
Fish meal (Menhaden) 30.0 10.0 
Wheat middlings 10.0 23.5 
Soybean meal (50% protein) 5.0 5.0 
Crystalline glycine 0.0 4.0 
Soybean oil 0.5 0.0 
Ground oyster shell 1.0 1.0 
Salt and trace mineral mix^ 0.5 0.5 
Vitamin mix^ 1.0 1.0 
^Composition given in Table 1, page 27. 
^Composition given in Table 1, page 27. 
per lb of diet (Appendix, Tables 60 and 61). 
Results and discussion 
The addition of 4% glycine to the poult diets had a growth depressing 
effect throughout Experiment 5 (Table 33). Although the weight differences 
among treatments were small at the end of the first week, they were quite 
consistent and therefore were statistically significant (Appendix, Table 
60). Whereas added glycine depressed growth, increasing concentrations 
of dietary folacin produced a significant linear increase in poult weight 
at the end of the first week. 
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The dietary effects upon poult weight were also significant at the 
end of the second week. Folacin quadratic effect, as well as folacin 
linear effect, was significant which would indicate a poult weight plateau 
between 0.48 and 0.78 mg of folacin per lb of diet. Folacin linear and 
quadratic effects were still significant at the termination of the experi­
ment . 
Poult mortality for Experiment 5 demonstrated a significant inter­
action between dietary folacin and glycine. Mortality was 63.3% for the 
basal diet without added glycine was fed, and was 100% when 4% glycine 
was added to the diet. As dietary folacin increased, mortality resulting 
from added glycine diminished. Evidently, the increased need for folacin 
in the metabolism of excess glycine reduced the amount of folacin available 
for other important metabolic functions. 
Hemoglobin and packed cell volume values (Table 34) show no particu­
lar trend which can be attributed to dietary folacin or glycine. Statis­
tical analyses of the data indicate that there are no significant treat­
ment differences (Appendix, Table 61). Evidently, Hb and PCV values are 
not good estimators in evaluating a folacin deficiency in turkeys. 
Experiment 6 was terminated after two weeks, since the folacin con­
tent of poult livers was to be determined. The data collected from this 
experiment are presented in Table 35 and the statistical analyses are 
given in Table 62 in the Appendix. Poult growth in this experiment was 
quite poor for some unexplained reason. However, dietary folacin pro­
duced a significant linear increase in poult weight, but glycine did not 
significantly reduce poult growth as was demonstrated in Experiment 5. 
Poult mortality was not significantly different among treatments for 
Table 33. Effect of dietary folacin and glycine on poult weight and mortality^ 
Treatment 
Dietary Added 1-wk wt 
folacin glycine 
(mg/lb) (g") 
Rep 1 73 
0.18 0 Rep 2 78 
Rep 3 75 
Average 75 
Rep 1 70 
0.18 4 Rep 2 73 
Rep 3 70 
Average 71 
Rep 1 76 
0.48 0 Rep 2 84 
Rep 3 88 
Average 83 
Rep 1 78 
0.48 4 Rep 2 74 
Rep 3 74 
Average 75 
I 
2-wk wt 4-wk wt Mortality 
(gm) (%) 
111 256 80.0 
120 270 50.0 
110 205 60.0 
114 244 63.3 
82 -— 100.0 
90 100.0 
87 -— 100.0 
86 --- 100.0 
141 390 30.0 
166 434 20.0 
174 493 30.0 
160 439 26.7 
115 268 50.0 
122 293 50.0 
123 306 50.0 
120 289 50.0 
^Experiment 5. / 
Table 33. (Continued) 
Treatment 
Dietary Added 
folacin glycine 
(mg/lb) (%) 
1-wk wt 
(gm) 
2-wk wt 
(gm) 
4-wk wt 
(gm) 
Mortality 
(%) 
Rep 1 73 170 517 50.0 
0.78 0 Rep 2 86 163 441 20.0 
Rep 3 87 178 492 20.0 
Average 82 170 483 30.0 
Rep 1 77 134 342 20.0 
0.78 4 Rep 2 77 157 446 20.0 
Rep 3 76 146 396 40.0 
Average 77 146 395 26.7 
Table 34. Effect of dietary folacin and glycine on poult Hb and PCV values^ 
Treatment 1-wk 2-wk 4-wk 
Dietary 
folacin 
(mg/lb) 
Added 
glycine 
(%) 
Hb 
(gm/100 ml) 
PCV 
(%) 
Hb 
(gm/100 ml) 
PCV 
(%) 
Hb 
(gm/100 ml) 
PCV 
(%) 
0.18 0 
Rep 1 
Rep 2 
Rep 3 
8.3 
8.0 
7.1 
27.5 
30.5 
29.5 
10.0 
8.3 
8.6 
30.5 
28.5 
31.5 
8.6 
9.2 
8.5 
31.5 
33.8 
34.2 
Average 7.8 29.2 9.0 30.2 8.8 33.2 
0.18 4 
Rep 1 
Rep 2 
Rep 3 
10.1 
7.6 
8.5 
34.2 
30.8 
29.8 
12.0 
8.8 
8.3 
38.0 
32.0 
30.2 
-
Average 8.7 31.6 9.7 33.4 — - -
0.48 0 
Rep 1 
Rep 2 
Rep 3 
9.4 
6.6 
6.8 
28.5 
26.8 
27.2 
9.8 
8.2 
8.8 
33.8 
30.8 
28.5 
8.4 
8.0 
8.1 
36.5 
34.5 
35.0 
Average 7.6 27.5 8.9 31.0 8.2 35.3 
' p.48 4 
Rep 1 
Rep 2 
Rep 3 
10.2 
6.2 
7.6 
28.5 
24.2 
30.2 
10.2 
8.5 
9.6 
32.0 
28.2 
33.2 
7.9 
8.0 
7.8 
32.8 
33.2 
33.2 
Average 8.0 27.6 9.4 31.1 7.9 33.1 
^Experiment 5. 
Table 34. (Continued) 
Treatment 1-wk 2-wk 4-wk 
Dietary Added Hb PCV Hb PCV Hb PCV 
folacin glycine 
(ms/lb) (%) (gm/100 ml) (%) (gm/100 ml) (%) (gm/100 ml) (%) 
Rep 1 7.4 25.0 9.0 32.0 9.4 35.8 
0.78 0 Rep 2 7.3 28.8 8.9 30.8 8.6 36.0 
Rep 3 7.0 27.5 9.6 34.0 7.6 31.8 
1  
Average 7.2 27.4 9.2 32.3 8.5 34.5 
Rep 1 9.9 30.0 9.4 32.8 8.2 32.5 
0.78 4 Rep 2 7.1 28.5 8.6 30.5 7.9 32.5 
Rep 3 7.8 30.5 10.9 34.2 8.2 36.0 
Average 8.3 29.7 9.6 32.5 8.1 33.7 
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this experiment. The non-significant difference in poult mortality was 
anticipated since most deaths in Experiment 5 occurred during the third 
and fourth week of the experiment. 
Again, Hb values were not affected by dietary treatment. Packed cell 
volume values showed a significant folacin quadratic-glycine interaction 
(probability = 0.05 or less). An explanation for this interaction is not 
readily available. 
Folacin content of poult livers was linearly increased by increasing 
dietary concentrations of folacin and glycine. These data are in agree­
ment with those presented by Naber ^  al. (1956). The increase in liver 
folacin as a result of high dietary glycine is probably a reflection of 
the increased metabolic requirements for folacin. As mentioned previously, 
folacin is a factor required in the metabolism of glycine. 
Experiment Seven 
Objective 
Since attempts had failed to evaluate the hematological condition of 
folacin-deficient poults by Hb and PCV estimations, other criteria in 
addition to Hb and PCV values were selected in this experiment. The number 
of red blood cells per cubic mm, RBC volume (MCV) and mean corpuscular 
hemoglobin (MCH) have been shown to be influenced by dietary folacin. 
It was hypothesized that these factors may be counteracting each other, 
resulting in no differences in Hb and PCV values in the previous experi­
ments . 
Table 35. Effect of dietary folacin and glycine on poult weight, Hb, PCV, liver folacin and 
mortality* 
Treatment 
Dietary Added Wt Hb PCV Liver Mortality 
folacin glycine folacin 
(mg/lb) (%) (sm) (gm/100 ml) (%) (mcg/gm) (%) 
Rep 1 78 6.8 27.2 2.34 25.0 
0.18 0 Rep 2 92 7.8 27.5 2.60 25.0 
Rep 3 91 7.4 28.0 2.42 25.0 
Average 87 7.3 27.6 2.45 25.0 
Rep 1 77 8.0 29.0 2.71 62.5 
0.18 4 Rep 2 80 8.5 30.8 2.65 12.5 
Rep 3 73 8.1 30.8 2.82 25.0 
Average 77 8.2 30.2 2.73 33.3 
Rep 1 114 8.8 33.0 2.92 50.0 
0.48 0 Rep 2 82 8.6 31.0 2.94 25.0 
Rep 3 116 8.1 32.0 2.79 37.5 
Average 104 8.5 32.0 2.88 37.5 
Rep 1 84 8.4 30.2 3.15 37.5 
0.48 4 Rep 2 94 6.7 27.8 3.34 25.0 
1 Rep 3 87 9.2 33.0 3.07 12.5 
Average 88 8.1 30.3 3.19 25.0 
^Experiment 6. 
Table 35. (Continued) 
Treatment 
Dietary Added 
folacin glycine 
(mg/lb) (%) 
Wt 
(gm) 
Hb 
(gm/100 ml) 
PCV Liver 
folacin 
(meg/gm) 
Mortality 
(%) 
0.78 
Rep 1 
Rep 2 
Rep 3 
105 
112 
86 
8 . 2  
7.7 
6 . 8  
29.0 
29.0 
28.8  
3.19 
3.27 
3.41 
25.0 
25.0 
50.0 
Average 101 7.6 28.9 3.29 33.3 
Rep 1 117 8.2 29.5 3.37 12.5 
0.78 4 Rep 2 113 7.4 28.2 3.45 12.5 
Rep 3 114 8.0 30.5 3.42 25.0 
Average 115 7.9 29.4 3.41 16.7 
100-101 
Materials and methods 
Three dietary folacin concentrations were used in a completely ran­
domized design with triplicate pens of poults assigned to each dietary 
treatment. One hundred eight Williams White male poults were purchased 
from a local turkey hatchery and were randomly assigned to the experimental 
units. The experiment was terminated when poults consuming the basal diet 
began showing visual symptoms of cervical paralysis. Four poults from 
each experimental unit were randomly selected for blood analyses. At 
least 2 of the 4 poults in each of the experimental units fed the basal 
low-folacin diet showed symptoms of cervical paralysis. 
Feeding and management methods were described previously. Composition 
of the basal diet, assayed to contain 0.15 mg of folacin per lb, is given 
in Table 36. Two other concentrations of folacin (0.45 and 0.75 mg/lb) 
were obtained by adding folacin in the form of a pre-mix. 
Table 36. Composition of diet used in Experiment 7 
Ingredient (%) 
Ground yellow corn 59.5 
Wheat middlings 6.0 
Fish meal (70% protein) 32.0 
Ground oyster shell 1.0 
Salt and trace mineral mix& 0.5 
Vitamin mix^ 1.0 
^Composition given in Table 1, page 27. 
^Composition given in Table 1, page 27. 
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Results and discussion 
Poult growth data and poult mortality are presented in Table 37. 
Statistical analysis of the growth data for 2-week-old poults shows no 
statistical differences due to dietary treatment. However, when poults 
were 4 weeks of age, there were differences in poult weights which 
could be attributed to dietary treatment. Poults fed the basal diet 
weighed significantly less than those fed the diets containing 0.45 and 
0.75 mg of folacin per lb. The significant quadratic effect indicates 
that poult growth plateaued between the two higher concentrations of 
dietary folacin (Appendix, Table 63). 
Analysis of the poult mortality data shows a significant difference 
among dietary treatments. Poults fed the basal diet exhibited folacin 
deficiency symptoms, and shortly after visual symptoms appeared, death 
resulted. 
Values representing the hematological condition of poults fed the 
3 dietary folacin concentrations are presented in Table 38 and the 
statistical analyses of these data are given in Table 64 in the Appendix. 
There yas a reduction in the number of RBC per cubic mm for poults 
fed the basal low-folacin diet. The production of RBC was unaffected by 
the 2 higher dietary folacin concentrations. Richardson £t a^. (1945) 
have also reported a lowered RBC count in turkey poults fed a folacin-
deficient diet, and Ferguson £t (1961) made the same observation in 
mature turkey hens. 
Synthesis of hemoglobin is not the limiting step in the reduction 
of RBC production. Mean corpuscular hemoglobin concentration values 
(MCHC) are not significantly different for poults fed the 3 diets con-
Table 38. Effect of dietary folacin on blood values 
Assayed 
folacin 
(mg/lb) 
RBC 
(millions/ 
mm^) 
PCV 
(%) 
Hb 
(gm/100 ml) 
MCV 
(microns^) 
MCHC 
(gm Hb/100 
ml RBC) 
MCH 
(micromicrograms 
Hb/RBC) 
0.15 
Rep 1 
Rep 2 
Rep 3 
1.55 
1.59 
1.74 
36.8 
37.2 
34.5 
8.4 
8.4 
7.5 
238 
241 
198 
22.9 
22.5 
21.8 
55.1 
54.0 
43.2 
Average 1.64 36.2 8.1 226 22.4 50.8 
0.45 
Rep 1 
Rep 2 
Rep 3 
2.53 
2.50 
2.44 
40.5 
40.0 
37.2 
8.5 
8.4 
8.6 
161 
162 
153 
20.8 
21.0 
22.9 
32.2 
33.9 
35.1 
Average 2.49 39.2 8.5 159 21.6 33.7 
0.75 
Rep 1 
Rep 2 
Rep 3 
2.18 
2.62 
2.29 
34.5 
35.8 
36.2 
8.1 
8.3 
7.7 
160 
137 
158 
23.4 
23.3 
21.4 
37.6 
31.8 
33.8 
Average 2.36 35.5 8.0 158 22.7 34.4 
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Table 37. Effect of dietary folacin on poult weight and mortality 
Assayed 2-wk wt 4-wk wt Mortality 
folacin 
(mg/lb) (Km) ( m )  (%) 
Rep 1 150 420 50.0 
0.15 Rep 2 160 501 66.7 
Rep 3 165 515 50.0 
Average 162 479 55.6 
Rep 1 180 731 16.7 
0.45 Rep 2 172 747 0.0 
Rep 3 170 695 0.0 
Average 174 724 5.6 
Rep 1 174 749 8.3 
0.75 Rep 2 153 706 0.0 
Rep 3 167 738 8.3 
Average 165 731 5.5 
taining different folacin concentrations. Although folacin is involved 
in the synthesis of heme (Naber ejt al., 1952a), this metabolic requirement 
for folacin must have been fulfilled even with'the lowest dietary fola­
cin concentration. 
Additional evidence for supporting the statement regarding an unal­
tered hemoglobin production is the increase in hemoglobin per individual 
RBC (MCH) for poults fed the basal low-folacin diet. The amount of hemo­
globin per RBC was significantly greater for poults consuming the diet 
containing the lowest folacin concentration. 
Mean corpuscular volume (MCV) was significantly greater for poults 
consuming the basal diet. This indicates that the folacin-deficiency 
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produced a macrocytic-type anemia. Folacin has been implicated in RBC 
maturation failure resulting in the release of immature macrocytic cells. 
This conclusion is supported by the work of Jukes £t £l. (1947) who 
observed a slight increase in MCV when poults were fed a purified diet 
without supplemental folacin. Ferguson £t £l. (1961) also produced a 
macrocytic anemia in mature turkey hens with a dietary deficiency of 
folacin. 
Packed cell volume values were higher for those poults fed the diet 
containing 0.45 mg of folacin per lb than for the poults fed the other 2 
diets. There were no differences in Hb values which could be attributed 
to dietary treatments. 
The data presented in this experiment give support to the hypothesis 
that the reduction in RBC numbers, and, on the other hand, increases in 
MCV and MCH may be counteracting factors which prevented Hb and PCV 
values from expressing the hematological condition of poults fed diets 
containing various concentrations of folacin. 
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GENERAL DISCUSSION 
Reproduction 
The folacin requirements for reproduction in turkey breeder hens 
fed practical-type diets cannot be stated without reference to several 
factors involved in reproduction. It appears that the folacin require­
ments for egg production, egg fertility and feed conversion are con­
siderably lower than the requirement for hatchability of fertile eggs. 
Evidence presented in this manuscript indicates that the folacin 
requirement for egg production does not exceed 0.16 mg per lb of diet. 
This requirement was unaltered by 345 or 625 mg of choline per lb of 
diet or by the addition of 5% soybean oil. Balloun and Miller (1964) 
suggested that the choline requirements for reproduction in turkeys 
probably does not exceed 450 mg per lb of practical-type diet. Kratzer 
et al. (1956) observed no differences in turkey egg production with a 
practical-type diet containing a folacin concentration as low as 0.31 
mg per kg of diet, and Schweigert et (1948) obtained satisfactory 
egg production with diets containing 0.42 mg of folacin per kg. Ferguson 
et al. (1961) demonstrated that a purified diet containing no added 
folacin supported optimum egg production in turkeys. 
The turkey hen undoubtedly utilizes dietary folacin for important 
metabolic processes at the expense of transferring folacin to the egg. 
No visual folacin deficiency symptoms have been reported in a mature 
turkey hen, but the folacin content of the egg has been shown to be re­
duced quite markedly by lowered dietary folacin (Ferguson £t , 1961). 
Dietary folacin or choline did not alter egg fertility. Folacin 
108 
and choline requirements for egg fertility are either quite low or these 
compounds are not involved to an appreciable extent in egg fertilization. 
Five percent added soybean oil significantly decreased egg fertility. 
No explanation for this reduction can be given at this time. 
Unlike young turkeys or chicks, refusual, or decreased consumption, 
of feed by turkey hens was not observed even when the diet contained as 
little as 0.16 mg of folacin per lb. Feed required to produce a turkey 
egg was unaffected by a diet low in choline or by the addition of 5% 
soybean oil. Turkey hens maintained in an unheated building consumed 
more total feed during the breeding season which would be indicative of 
the higher caloric requirement for body maintenance. 
Hatchability of fertile eggs is the reproductive factor most affected 
by dietary folacin. In the presence of 345 mg of choline per lb of diet, 
hatchability increased linearly with increasing concentrations of dietary 
folacin. With diets containing 625 mg of choline per lb, 0.37 mg of 
folacin per lb of diet improved hatchability when compared with a diet 
containing 0.18 mg of folacin per lb, but no further increase in hatcha­
bility was observed with diets containing 0.56 or 0.76 mg of folacin per 
lb. Since folacin and choline are involved in the metabolism of 1-carbon 
fragments, the reason for the interaction on hatchability between the two 
nutrients may lie in their metabolic roles in 1-carbon metabolism. The 
linear increase in hatchability with increasing dietary concentrations of 
folacin in choline-deficient (345 mg/lb) diets suggest that folacin partial­
ly fulfills one or more metabolic functions of choline. With sufficient 
dietary choline, the folacin requirement for optimum hatchability was 
satisfied by 0.37 mg of folacin per lb of diet. 
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Five percent soybean oil added to a diet containing 0.16 mg of fola­
cin per lb had a depressing effect on hatchability. As the folacin con­
centration of the diet increased, the response to added soybean oil was 
inconsistent. March and Biely (1955) reported a depressing effect on 
chick growth with a diet containing 5% herring oil and a low concentration 
of dietary folacin. 
Folacin concentrations of 0.35, 0.56 and 0.76 mg per lb of diet 
were effective in preventing the rapid decline in hatchability which was 
observed with a folacin concentration of 0.16 mg per lb of diet. A 
folacin concentration of 0.16 mg per lb of diet probably was not suffi­
cient to permit adequate transfer of folacin from the turkey hen to the 
egg. The folacin requirement of the developing embryo is most critical 
during the last few days of the incubation period. Most embryonic 
deaths, resulting from a folacin deficiency in the breeder diet, occur 
after the 25th day of incubation. 
Poult Viability 
Turkey poults produced by hens consuming diet varying in folacin and 
choline concentrations, and fed a standard turkey starter diet assayed to 
contain 0.87 mg of folacin per lb, differed in body weight at 2 weeks of 
age. Maternal dietary choline was not consistent in influencing progeny 
body weight. Two-week body weight of poults produced by hens consuming 
a diet containing 0.18 mg of folacin per lb declined more rapidly as the 
hatching season progressed than did the body weight of poults produced 
by hens consuming diets containing 0.37, 0.56 and 0.76 mg of folacin per 
lb. The transfer of folacin to the egg in hens consuming the basal low-
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folacin diet probably was not sufficient to support optimum poult growth. 
Turkey poults consuming diets containing 0.37 and 0.87 mg of fola­
cin per lb in the presence or absence of 5% soybean oil, and produced by 
hens fed diets containing 0.16, 0.36, 0.56 and 0.76 mg of folacin per 
lb, differed in weight gains to 1 week of age. Male progeny gained 
significantly more than did females. A folacin concentration of 0.87 
mg per lb in the poult diet was effective in producing greater poult 
weight gains than a diet containing 0.37 mg of folacin per lb. A linear 
increase in poult weight gains was observed with increasing folacin con­
centrations in the breeder hen diet. These observations should be 
sufficient to stress the need for adequate folacin in the poult diet 
as well as the breeder diet. 
Since high poult mortality occurred in poults fed a low-folacin diet, 
and produced by hens fed diets containing 0.16 and 0.36 mg of folacin 
per lb, only general comments can be made regarding weight gains of 
poults after 1 week of age. Although consistent results were not obtained, 
there appeared to be an increase in poult weight gains, up to the time 
the poults were 6 weeks of age, with increasing concentrations of folacin 
in the breeder diets. 
Poults consuming a diet containing 0.37 mg of folacin per lb, and 
produced by hens fed a diet containing 0.16 mg of folacin per lb, respond­
ed to intramuscular injections of folacin. A linear increase in body 
weight at the time the poults were 2 weeks of age was evident with in­
jections of 50, 100 and 150 meg of folacin per poult. Fifty meg of fola­
cin per poult gave only partial protection against folacin deficiency 
symptoms, but did reduce poult mortality when compared with the control 
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poults receiving no folacin injection. Injections of 100 or 150 meg of 
folacin per poult were equally effective in preventing folacin defi­
ciency symptoms and in preventing high poult mortality. These results 
show the critical need for folacin by the turkey poult to reduce mor­
tality and to promote rapid growth. 
In progeny trials associated with the folacin concentrations in the 
breeder diets, there was an interaction between the folacin concentra­
tion in the breeder diet and the folacin concentration in the poult 
diet on poult mortality. With a poult diet containing 0.37 mg of folacin 
per lb, there was a significant linear decrease in poult mortality with 
increasing folacin concentration in the breeder diets (0.16, 0.36, 0.56 
and 0.76 mg/lb). This is no doubt a reflection of the amount of folacin 
transferred to the egg, and consequently to the poult, by the breeder 
hen. With a poult diet containing 0.87 mg of folacin per lb, poult 
mortality was quite variable and could not be associated with the fola­
cin concentrations of the breeder diet. 
Poults, produced by breeder hens fed diets containing adequate fola­
cin, generally responded with increased weight gains as the folacin con­
tent of the poult diet increased in equally spaced increments from a 
concentration as low as 0.14 mg of folacin per lb to 0.78 mg of folacin 
per lb. A significant linear increase in poult weight gains was evident 
with a plateauing effect appearing when the folacin concentration exceeded 
0.45 mg per lb of diet. Four percent added glycine in the diet depressed 
poult weight gains. Growth depression caused by glycine was of the same 
magnitude for all folacin concentrations employed. It is possible that 
the growth depression caused by glycine could have been overcome by con­
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centrations of folacin greater than 0.78 mg per lb of diet. 
Mortality of poults, produced from breeder hens consuming a diet 
adequate in folacin, was dependent upon the folacin concentration in 
the poult diet. Poult mortality was quite high when the poult diet con­
tained a folacin concentration of 0.14 mg per lb of diet, and decreased 
linearly with increasing folacin concentration in the diet, A plateau-
ing effect in mortality was evident as the folacin content of the poult 
diet exceeded 0.45 mg per lb. Poult mortality was intensified by the 
addition of 4% dietary glycine and the intensification was more severe 
when dietary folacin was 0.18 mg per lb. Poult mortality cause by addi­
tional glycine was eliminated with a poult diet containing 0.78 mg of 
folacin per lb. 
Visual Folacin Deficiency Symptoms 
Visual folacin deficiency symptoms were not evident in mature turkey 
hens fed a folacin-deficient (0.16 mg/lb) for a period of 18 weeks. A 
diet containing a folacin concentration of 0.16 mg per lb was not suffi­
ciently deficient in folacin to produce the visual symptoms which are 
seen in young turkey poults. 
Just prior to the appearance of acute visual symptoms of a folacin 
deficiency in turkey poults, nervousness in poults and refusual of feed, 
or decreased feed consumption, was evident. Drooping of the wings and a 
stiff and extended neck are characteristic folacin deficiency symptoms. 
Approximately 24 hours after the appearance of the stiff and extended 
neck, the poult generally died. It appeared that the entire central ner­
vous system was affected and just prior to death, the poults were com­
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pletely immobilized. 
Poor feathering was evident in poults deficient in folacin. Poor 
feathering was probably a result of insufficient amino acid metabolism, 
and in particular, the metabolism of sulfur-containing amino acids. 
An intramuscular injection of 150 meg of folacin caused the disa­
ppearance of the visual deficiency symptoms. The recovery was quite 
rapid and generally occurred within 24 hours. 
Folacin Content of Livers 
Folacin content of livers of mature turkey hens reflected the fola­
cin concentration of the breeder diet. A linear increase in liver fola­
cin was evident with breeder diets containing 0.16, 0.36, 0.56 and 0.76 
mg of folacin per lb. The addition of 5% soybean oil had no effect on 
the liver folacin content. 
Liver content of folacin in turkey poults also increased linearly 
with folacin concentrations of 0.18, 0.48 and 0.78 mg per lb of poult 
diet. The addition of 4% glycine, to each of the previous folacin con­
centrations in the poult diet, also increase the folacin content of 
poult livers. This observation was not too surprising since folacin is 
involved in the metabolism of glycine. 
Hematological Conditions Caused by a Folacin Deficiency 
Packed cell volume (PCV) values were not significantly different for 
mature turkey hens consuming diets with folacin concentrations of 0.16, 
0.36, 0.56 and 0.76 mg per lb in the presence or absence of 5% added soy­
bean oil. Ferguson £t £l. (1961) also reported no differences in PCV 
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values for mature turkey hens fed diets with various folacin concentra­
tions, but a reduction in the number of RBC was evident for turkey hens 
consuming a low-folacin diet. 
Lance and Hogan (1948) reported that Hb and PCV values may differ 
for poults as a result of the severity of a folacin deficiency. Russell 
et al. (1947) observed lower Hb values for poults exhibiting the cervi­
cal paralysis symptom of a folacin deficiency. 
Attempts to associate the Hb and PCV values of poults with a breeder 
hen dietary folacin concentration or poult dietary folacin concentration 
had failed in the research presented in this manuscript. Since it has 
been shown that dietary folacin affects the production of RBC, the volume 
of individual RBC and the amount of Hb contained in RBC, it was postu­
lated that these factors may counteract each other, and the result 
would be no observable differences in Hb and PCV values for poults fed 
diets containing various concentrations of folacin. 
With poults fed diets containing 0.15, 0.45 and 0.75 mg of folacin 
per lb, there were no significant differences in Hb and PCV values. 
However, poults fed the diet with the lowest folacin concentration showed 
a reduction in the number of RBC, an increase in RBC volume (MCV) and 
an increase in the amount of Hb per individual RBC (MCH). These data 
support the previous postulation that counteracting blood factors pre­
vent Hb and PCV values from expressing the hematological condition of 
turkey poults fed various concentrations of dietary folacin. 
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SUMMARY AND CONCLUSIONS 
Turkey poult and breeder hen diets composed of natural feedstuffs, 
in which animal protein sources were the primary source of protein, were 
deficient in folacin. Investigations were made to evaluate the repro­
ductive performance of turkey breeder hens consuming various concentra­
tions of dietary folacin in the presence or absence of added choline or 
soybean oil. Evaluations of the effects of breeder hen dietary folacin 
and/or poult dietary folacin on poult performance and hematological 
conditions were made. Criteria considered were (1) turkey breeder hen 
reproductive performance, (2) turkey breeder hen PCV values, (3) folacin 
content of turkey breeder hen livers, (4) poult weight gains or body 
weight, (5) poult mortality, (6) folacin content of poult livers and 
(7) hematological measurements of poults. The following have been con­
cluded from the data'obtained under the environmental and dietary 
conditions employed; 
1. The requirements for egg production, egg fertility and feed 
conversion in turkey breeders are satisfied by 0.16 mg of 
folacin per lb of diet. The folacin requirements are not 
altered by 345 or 625 mg of choline per lb or by the addi­
tion of 5% soybean oil. 
2. The folacin requirement for hatchability varied with amount 
of dietary choline and soybean oil present. With 345 mg of 
choline per lb of diet, hatchability increased linearly with 
increasing dietary folacin (0.18, 0.37, 0.56 and 0.76 mg/lb). 
In the presence of 625 mg of choline per lb, hatchability 
plateaued at the 3 higher folacin concentrations. With 5% 
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added soybean oil, hatchability was highest for hens consum­
ing a diet containing 0.36 mg of folacin per lb. In the 
presence of no added soybean oil, hatchability tended to in­
crease linearly with increasing dietary folacin concentrations 
(0.16, 0.36, 0.56 and 0.76 mg/lb). 
3. Packed cell volume values for mature turkey hens were not 
affected by dietary folacin. 
4. Liver folacin content in turkey hens increases linearly with 
increasing concentrations of dietary folacin (0.16, 0.36, 
0.56 and 0.76 mg/lb). Liver folacin content is unaffected 
by the addition of 5% soybean oil to the diet. 
5. Maternal dietary choline is not consistent in influencing 
progeny body weight when poults are 2 weeks of age. 
6. Two-week body weights of progeny, produced by turkey hens con­
suming diets with 0.18 mg of folacin per lb, declined more 
rapidly as the hatching season progressed than did the body 
weight of poults produced by hens consuming diets containing 
0.37, 0.56 and 0.76 mg of folacin per lb. 
7. In poult trials associated with the dietary folacin concentra­
tions in the breeder diet, 0.87 mg of folacin per lb of poult 
diet was more satisfactory in promoting poult growth than was 
0.37 mg of folacin per lb of diet. Poult weight gains tended 
to increase with increasing maternal dietary folacin (0.16, 
0.36, 0.56 and 0.76 mg/lb). 
8. Poult mortality is influenced by an interaction of maternal 
dietary folacin and poult dietary folacin. With poult diets 
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containing 0.37 mg of folacin per lb, poult mortality decreases 
linearly with increasing folacin concentrations in the breeder 
diet. With 0.87 mg of folacin per lb of poult diet, poult 
mortality could not be associated with maternal dietary fola­
cin (0.16, 0.36, 0.56 and 0.76 mg/lb). 
9. Folacin deficiency symptoms in turkey poults are poor feather­
ing, drooping wings, cervical paralysis and high mortality. 
10. Folacin deficiency symptoms in turkey poults can be corrected 
by intramuscular injections of 100 or 150 meg of folacin per 
poult. 
11. Liver folacin content in poults was increased linearly with 
increasing concentrations of folacin in the poult diet (0.18, 
0.48 and 0.78 mg/lb). Four percent added dietary glycine in­
creased the folacin content of livers. 
12. Body weight of poults, produced by turkey hens consuming diets 
with adequate folacin, generally increased linearly with in­
creasing folacin concentration in the poult diet although a 
plateauing of body weight appeared when poult dietary folacin 
exceeded 0.45 mg per lb of diet. 
13. Hemoglobin and packed cell volumes were not good estimators of 
the hematological condition of poults fed varying concentrations 
of folacin, or in attempts to evaluate the effects of breeder 
hen dietary folacin effects on poult hematological conditions. 
Red blood cell volume (MCV), the number of RBC per cubic mm 
and mean corpuscular hemoglobin (MCH) were better estimators 
of the hematological condition of poults than were Hb and PCV 
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values. 
The number of RBC per cubic mm and the changes in MCV and 
MCH apparently prevented PCV and Hb values from expressing 
changes in hematological conditions of poults. 
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Table 39. Analysis of variance for egg production in Experiment 1 
Source d.f. Mean square 
Folacin (F) 1 0.61 
Choline (C) 1 5.45 
F X C 1 2.20 
Error 4 37.34 
Table 40. Analysis of variance for feed conversion in Experiment 1 
Source d.f. Mean square 
Folacin (F) 1 0.0004 
Choline (C) 1 0.0128 
F X C 1 0.0145 
Error 4 0.0813 
Table 41. Analysis of variance for egg fertility in Experiment 1 
Source d.f. Mean square 
Folacin (F) 1 1.99 
Choline (C) 1 162.24 
Period (P) 7 330.34** 
F X C 1 2.07 
F X P 7 8.49 
C X P 7 5.90 
F X C X P 7 0.30 
Error 32 66.80 
**Probability = 0.01 or less. 
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Table 42. Analysis of variance for hatchability in Experiment 1 
Source d.f. Mean square 
Folacin (F) 1 3601.50** 
Choline (C) 1 704.24** 
Period (P) 7 491.76** 
Linear 1 3261.43** 
Remainder 6 30.14 
F X C 1 94.33* 
F X P 7 112.97 
^ ^  ^Linear 1 516.91** 
Remainder _ 6 45.65 
C X P 7 27.36 
F X C X P 7 14.98 
Error 32 21.83 
* Probability = 0.05 or less. 
^•^Probability = 0.01 or less. 
130 
Table 43. Analysis of variance for poult weight in Experiment 1 
Source d.f Mean square 
Folacin (F) 1 2943.06** 
Choline (C) 1 289.00* 
Period (P) 7 3969.42** 
^Linear 1 23366.68** 
^Quadratic 1 3720.01** 
^Cubic 1 522.02** 
Remainder 4 44.31 
F X C 1 144.00* 
F X P 7 161.92* 
^ ^  ^ Linear 1 657.44** 
Remainder 6 79.33 
C X P 7 40.71 
F X C X P 7 56.86 
Error 32 57.75 
* Probability = 0.05 or less. 
^^Probability = 0.01 or less. 
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Table 44. Analysis of variance for egg production in Experiment 2 
Source d.f. Mean square 
Folacin (F) 3 0.0150 
Choline (C) 1 0.0003 
F X C 3 0.0138 
Error 8 0.0091 
Table 45. Analysis of variance for feed conversion in Experiment 2 
Source d.f. Mean square 
Folacin (F) 3 25.18 
Choline (C) 1 17.64 
F X C 3 33.59 
Error 8 49.08 
Table 46. Analysis of variance for egg fertility in Experiment 2 
Source d.f. Mean square 
Folacin (F) 3 74.21 
Choline (C) 1 0.33 
Period (P) 6 2746.45** 
F X C • 3 315.43* 
F X P 18 26.91 
C X P 6 20.58 
F X C X P 18 92.58 
Error 56 97.06 
* Probability = 0.05 or less. 
^^Probability = 0.01 or less. 
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Table 47. Analysis of variance for hatchability in Experiment 2 
Source d.f. Mean square 
Folacin (F) 3 1403.97** 
Linear 1 3488.01** 
Quadratic 1 504.90** 
Cubic 1 219.00** 
Choline (C) 1 193.99** 
Period (P) 6 1562.71** 
Linear 1 9039.63** 
Remainder 5 67.33 
F X C 3 57.53* 
^Linear ^  ^  1 83.16* 
Remainder 2 44.72 
F X P 18 57.60** 
^Linear ^ ^Linear 1 577.44** 
^Quadratic ^  ^Linear 1 81.18* 
Remainder 16 25.22 
C X P 6 35.18 
F X C X P 18 20.67 
Error 56 20.02 
* Probability = 0.05 or less. 
^^Probability = 0.01 or less. 
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Table 48. Analysis of variance for poult weight in Experiment 2 
Source d. f. Mean square 
Folacin (F) 3 2050.60** 
Linear 1 4926.64** 
Quadratic 1 332.58** 
Cubic 1 892.59** 
Choline (C) 1 198.22 
Period (P) 6 14443.25** 
Linear 1 83357.86** 
Quadratic 1 2281.25** 
Remainder 4 63.77 
F X C 3 39.08 
F X P 18 190.14** 
^Linear * ^Linear 1 1766.13** 
^Quadratic ^ ^Linear 1 330.86* 
Remainder 16 82.84 
C X P 6 27.24 
F X C X P 18 29.10 
Error 56 69.28 
* Probability = 0.05 or less. 
**Probability = 0.01 or less. 
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Table 49. Analysis of variance for egg production in Experiment 3 
Source d.f. Mean square 
Folacin (F) 3 39.45 
Soybean oil (S) 1 20.70 
F X S 3 20.52 
Error 8 35.19 
Table 50. Analysis of variance for feed conversion in Experiment 3 
Source d.f. Mean square 
Folacin (F) 3 0.0060 
Soybean oil (S) 1 0.0256 
F X S 3 0.0357 
Error 8 0.0209 
Table 51. Analysis of variance for egg fertility in Experiment 3 
Source d.f. Mean square 
Folacin (F) 3 147.44 
Soybean oil (S) 1 2962.08** 
Period (P) 8 261.15 
F X S 3 160.85 
F X P 24 114.76 
S X P 8 113.24 
F X S X P 24 289.10 
Error 72 329.41 
**Probability = 0.01 or less. 
135 
Table 52. Analysis of variance for hatchability in Experiment 3 
Source d. : f. Mean square 
Folacin (F) 3 1143.74** 
Linear 1 1231.14** 
Quadratic 1 1195.43** 
Cubic 1 1004.65** 
Soybean oil (S) 1 339.48 
Period (P) 8 2431.53** 
Linear 1 16610.05** 
Remainder 7 406.03 
F X S 3 525.32** 
^Quadratic ^ ^ 1 1410.63** 
Remainder 2 82.67 
F X P 24 226.39** 
^Linear ^ ^Linear 1 1878.13** 
^Quadratic * ^Quadratic 1 656.01** 
^Cubic ^ ^Quadratic 1 712.84** 
Remainder 21 104.11 
S X P 8 16.40 
F X S X P 24 134.90 
Error 72 87.65 
^^Probability = 0.01 or less. 
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Table 53. Analyses of variance for PCV and liver folacin of breeder 
hens in Experiment 3 
Mean square 
Source d.f. PCV Liver folacin 
Folacin (F) 3 2.02 3.2511** 
Linear 1 9.1801** 
Quadratic 1 0.5700** 
Cubic 1 0.0032 
Soybean oil (S) 1 0.39 0.0001 
F X S 3 3.68 0.0086 
Error 8 6.17 0.0064 
^^Probability = 0.01 or less. 
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Table 54. Analysis of variance for poult mortality in fifth hatch 
of Experiment 3^ 
Source d.f Mean square 
Breeder diet folacin (B) 3 1369.36** 
Linear 1 3391. 71** 
Remainder 2 358. 18 
Poult diet folacin (F) 1 12718.20** 
Poult diet soybean oil (0) 1 85.10 
Sex (S) 1 3378.51** 
B X F 3 2235.77** 
^Linear ^ ^ 1 6460. 22** 
Remainder 2 123. 54 
B X 0 3 792.90 
B X S 3 351.77 
F X 0 1 93.60 
F X S 1 616.28 
G X S 1 1.27 
Error 45 291.59 
^Computed for transformed data; Arcsin 
^^Probability = 0.01 or less. 
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Table 55. Analysis of variance for poult weight gains (0-1 wk) in 
fifth hatch of Experiment 3 
Source d.f. Mean square 
Breeder diet folacin (B) 3 666.86** 
Linear 1 1574. 87** 
Remainder 2 212. 86 
Poult diet folacin (F) 1 1533.70** 
Poult diet soybean oil (0) 1 18.82 
Sex (S) 1 882.84** 
B X F 3 146.37 
B x 0 3 64.68 
B X S 3 13.59 
F X 0 1 10.16 
F X S 1 8.92 
0 X S 1 56.43 
Error 45 94.62 
**Probability = 0.01 or less. 
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Table 56. Analyses of variance for poult Hb and PCV values in fifth 
hatch of Experiment 3 
Mean square 
Source d.f. PCV Hb 
Breeder diet folacin (B) 3 20.20* 0.57 
Linear 1 53.22** 
Remainder 2 3.69 
Poult diet folacin (F) 1 20.81* 0.66 
Poult diet 
oil (0) 
soybean 
1 14.53 0.04 
Sex (S) 1 4.78 0.38 
B X F 3 5.07 0.03 
B X 0 3 2.62 0.32 
B X S 3 14.38 0.50 
F X 0 1 6.57 0.04 
F X S 1 2.45 0.00 
0 X S 1 1.13 0.16 
Error 45 4.89 0.38 
* Probability = 0.05 or less. 
**Probability = 0.01 or less. 
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Table 57. Analysis of variance for poult mortality in seventh hatch 
of Experiment 3^ 
Source d. f Mean square 
Breeder diet folacin (B) 3 2849.81** 
Linear 1 8172.92** 
Remainder 2 188.24 
Poult diet folacin (F) 1 11968.36 
Poult diet soybean oil (0) 1 287.30 
Sex (S) 1 1455.42 
B X F 3 1720.00* 
^Linear * ? 1 5139.22** 
Remainder 2 10.39 
B X 0 3 114.93 
B X S 3 636.31 
F X 0 1 1369.00 
F X S 1 44.90 
G X S 1 18.07 
Error 45 431.44 
^Computed for transformed data: Arcsin JT. 
* Probability = 0.05 or less. 
**Probability = 0.01 or less. 
141 
Table 58. Analyses of variance for poult weight and mortality in ninth 
hatch of Experiment 3 
Source d. f. Mean square 
Folacin injection 
Linear 
Quadratic 
Error 
Poult weight^ 
2 
1 
1 
3 
1082.72* 
37.17 
2157.60** 
7.84 
Folacin injection 
Linear 
Remainder 
Error 
Poult mortality 
3 
1 
2 
4 
1380.93* 
3395.73** 
373.54 
132.31 
^Control poult weights were not included in the analysis. 
C^omputed on transformed data: Arcsin JT. 
* Probability = 0.05 or less. 
**Probability = 0.01 or less. 
Table 59. Analyses of variance for poult weight. mortality, Hb and PCV values in Experiment 4 
Source d. f, 
Mean square 
2-wk wt 2-wk Hb 2-wk PCV Mortality^ 
Folacin 4 672.90 1.66 8.85 323.46 
Linear 1 1794.13 1.24 0.02 876.85** 
Quadratic 1 24.38 0.03 1.56 255.00 
Cubic 1 811.20 0.05 0.07 158.10 
Quartic 1 61.89 5.31* 33.76* 3.86 
Error 10 481.33 0.79 3.99 68.27 
4-wk wt 4-wk Hb 4-wk PCV 
Folacin^ 3 1484.77 0.78 3.94 
Linear 1 3985.35 0.03 7.35 
Quadratic 1 216.75 1.27 0.21 
Cubic 1 252.15 1.04 4.27 
Error 8 5335.50 1.32 3.27 
^Computed on transformed data: Arcs in 
^Data for lowest concentration of folacin was not included in the analyses. 
* Probability = 0.05 or less. 
**Probability = 0.01 or less. 
Table 60, Analyses of variance for poult weights and mortality in Experiment 5 
Source 
Folacin (F) 
Linear 
Quadratic 
Glycine (G) 
F X G 
^Linear ^  G 
^Quadratic ^ G 
Error 
Folacin (F) 
Linear 
Quadratic 
Error 
d. f. 
Mean square 
1-wk wt 2-wk wt Mortality^ 
1 
1 
12 
1 
1 
72.16 
114.08* 
30.25 
144.50* 
3.50 
18.89 
5295.39** 
10092.00** 
498.78* 
4262.72 
105.39 
91.78 
4-wk wt^ 
48780.34** 
86160.17** 
11400.50* 
1780.56 
2747.15** 
4749.73** 
744.56** 
1201.16** 
. 572.20** 
1132.18** 
12.22 
45.10 
^Computed for transformed <bt a: Arcs in 4^. 
^Eliminating 47» glycine treatments. 
* Probability = 0.05 or less. 
**Probability = 0.01 or less. 
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Table 61. Analyses of variance for Hb and PCV values in Experiment 5 
1-wk 2-wk 
Source d.f. Hb PCV Hb PCV 
Folacin (F) 2 0.48 12.26 0.08 4.17 
Glycine (G) 1 2.80 11.52 1.33 2.54 
F X G 2 0.18 2.44 0.09 6.37 
Error 12 1.79 3.51 1.29 4.70 
4-wk data& 
Hb PCV 
Folacin 2 0.28 3.60 
Linear 1 0.08 2.80 
Quadratic 1 0.47 4.40 
Error 6 0.42 2.94 
^Eliminating 4% glycine treatments. 
Table 62. Analyses of variance for poult weight, liver folacin, mortality, Hb and PCV values in 
Experiment 6 
Mean square 
Source d.f. Poult wt Liver folacin Mortality^ Hb PCV 
Folacin (F) 2 1017.56** 0.88** 26.62 0.63 9.29* 
Linear 1 2028.00** 1.74** 0.24 
Quadratic 1 7.11 0.02 18.34** 
Glycine (G) 1 76.05 0.25 112.30 0.30 1.02 
F X G 2 366.22 0.01 101.09 0.60 6.94* 
^Linear ^  ^  1 3.52 
^Quadratic ^ ^ 1 10.35* 
Error 12 108.17 0.01 82.62 0.46 1.73 
^Computed for transformed data: Arcsin 
* Probability = 0.05 or less. 
**Probability = 0.01 or less. 
I 
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Table 63. Analyses of variance for poult weight and mortality in 
Experiment 7 
Mean square 
Source d.F. 2-wk wt 4-wk wt Mortality® 
Folacin 2 124.12 63034.34** 1501.38** 
Linear 1 13.50 95508.17** ~ 2063.87** 
Quadratic 1 234.73 28560.50** 938.89* 
Error 6 50.22 1279.56 106.36 
^Computed on transformed data: Arcsin JTl 
* Probability = 0.05 or less. 
**Probability = 0.01 or less. 
Table 64. Analyses of variance for RBC, PCV, Hb, MCV, MCHC and MCH values in Experiment 7 
Mean square 
Source d.f. RBC PCV Hb MCV MCHC MCH 
Folacin 2 0.63** 11.90* 0.19 5007.00** 1.04 1 279.22** 
Linear 1 0.78** 0.67 0. 00 8214.00** 0. 14 401.80** 
Quadratic 1 0.48** 23.12* 0. 38 1800.00** 1. 93 156.65* 
Error 6 0.02 2.02 0.12 254.33 0.98 18.02 
* Probability = 0,05 or less. 
**Probability = 0.01 or less. 
